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and escape of the protective gases used in heat 
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also provides real welding economy. Genex 
can be used at exceptionally high currents with- 
out overheating and without excessive spatter. 
This means higher welding speeds . . . lower 
welding costs. 


The M & T line includes covered and lightly 
coated electrodes for downhand and all-position 
work on mild and low alloy steels, and for stain- 
less steels, bronze and aluminum as well as for 
hard surfacing and tool and die work. No mat- 
ter what your problem, there is an M & T elec- 
trode to solve it. Write for catalog today. 
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Your Own’ 
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Type Tronsformer 
A-C Arc Welder 


Hobart engineers see to it that you get extra 
‘more copper, more capacity, cooler running, 
handling of all kinds of rods and longer welder 


Electric Motor Driven D-C Arc Welder 


Arc welder efficiency is of vital importance in 
today’s stepped-up production schedules. Welder 
feilure means “time out” for the machine and men, inter- 
rupted schedules, and lost profit. 
Hobart “definite purpose” arc welders provide a 
reliable source of welding current to do any welding 
job—they are famous for their unfailing 
dependability -and they give you more production 
at less operating cost. 
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ae General Welding Practices in 
Locomotive and Car Shops’ 


By J. Michnet 


The practical side of welding as applied to the 
repair and maintenance of railway equipment 
and welding practices at outside shops is pre- 


ded sented. Consideration is given to equipment. 
els, Supervisory personnel, a system of training of 
7 operators, an approved qualification test pro- 
and cedure and the setting up of correct welding 
ube — procedures comes next. The readers attention 


is brought to the various parts of railway equip- 
ine ment on which welding is being done, setting 
| at up of proper procedures, procedure control 
a4 and final inspection. The paper is concluded 


i with a brief discussion of ways in which the 
BE quality of welding in railroad shops may be 
improved. 


85 ELDING is becoming recognized as one of 
the more essential metal-working processes, 


in both the repair and fabrication of railway 
equipment. Without it, and the allied process of oxy- 


_ a acetylene cutting, railroad shops would be somewhat 
~ handicapped. 
silt It is the purpose of this paper to present the practical 


as J side of welding as applied to the repair and maintenance of 
railway equipment. There are many problems con- 
nected with welding, and the railroad field is no excep- 
tion. In fact, many problems peculiar to railroads are 
not to be found elsewhere. Some of these problems and 
suggestions for their probable solution will be presented 
in this paper. 


990 Standards for Welding 


34 _ Many railroads have gone far in exploring the respec- 
tive possibilities of the various welding processes, and as a 

result have set up welding standards which incorporate 
the best features of the practices recommended by the 
AMERICAN WELDING Soctety, the Association of Ameri- 
can Railroads and other authoritative groups, both out- 
side and within the railroad field. It is indeed encourag- 
.* ing to note there is a growing tendency among railroad 
49%6-s men to accept and recognize welding as more than merely 

a repair tool. 

Practically all of the existing welding processes are 
, being used to good advantage in the railroad shops and 
. 502s all pertinent new developments are being constantly 


l- . * Scheduled for the Twenty-Ninth Annual Meeting, A.W.S., Philadelphia, 
a., week of Oct. 24, 1948. 


. 515-6 t Welding Instructor, New York Central System, New York 17, N. Y. 


explored with a view toward increasing production and 
improving the quality of welding. 

In the past ten years, the volume of welding has in- 
creased tremendously. It has only been of late years 
that railroad officials have recognized the importance of 
having trained personnel to supervise welding operations. 
Some have gone so far as to appoint:traveling welding 
instructors to assist in establishing and maintaining 
good welding practices. Procedures, based on the most 
accepted practices have been set up and are contained in a 
welding manual so that there may be no misunderstand- 
ing as to the proper methods which are to be followed. 
Some of the manuals are so designed that new pages may 
be easily inserted when necessary to make additions or 
revisions. 


Equipment and Applications 


First to be considered in any welding setup is the 
equipment. Manual arc welding is by far the most 
universally used process in the railroad shops at the 
present time, as it lends itself readily to both mainte- 
nance welding and fabrication. Practically all of the 
manual arc-welding equipment is of the direct-current, 
motor-generator type. However, some railroads are 
giving serious consideration to the possibilities of using 
alternating-current equipment for reasons of economy. 
This economy results from low-power requirements and 
low maintenance costs of alternating-current equip- 
ment. All-purpose electrodes are available for the weld- 
ing of ferrous metals. The manufacturers of alternating- 
current welding machines have spent considerable sums 
of money in developing safety devices to reduce the 
danger of shock which is typical of this type of equip- 
ment. In spite of the safety devices with which all 
alternating-current machines are equipped, there is still 
danger of electrical shock while working under wet or 
damp conditions such as sometimes prevail in most rail- 
road shops. This, and the fact that the use of nonferrous 
electrodes is not recommended with this type of equip- 
ment, has retarded more than any other feature, the 
adoption by the railroads of alternating-current welding. 

Automatic arc-welding equipment, using both bare 
and submerged type of arc has been in use for a number 
of years for certain limited applications. The bare-arc 
type of welding heads are being used for building up 
worn brake-beam trunnions, worn rims of driving and 
trailer wheel centers, worn trolley and crane wheels, 
shafts and similar objects. One large railroad shop is 
using the automatic submerged melt process for building 
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up worn crosshead guides and worn rims of driving and 
trailer wheel centers. 

The problem of building up the edges of the crosshead 
guides was solved by placing two guides face to face with 
a */,-in. metal separator in between. The separator is 
placed about an inch below the surfaces to be welded. 
The groove formed by the two guides is then filled with 
the granular flux, or melt, which prevents the molten 
metal from running over the edge. In building up wheel 
centers, it was found that some means of holding the flux 
in place was necessary. This was solved by tack-weld- 
ing strips of '/,-in. steel to both edges of wheel rim, pro- 
jecting approximately */, in. above face of rim. These 
strips are easily removed during the machining opera- 
tion. The submerged-are type of heads are also used 
for welding long seams where volume warrants the use of 
such equipment. Experiments are being conducted to 
extend this process to the plug-welding of holes and to 
the automatic welding of odd shapes. A semiautomatic 
submerged melt welding head has recently been de- 
veloped which shows promise of being adaptable to the 
welding of many parts of railway equipment. 

In spite of the many advantages of electric-arc welding 
in the maintenance of railway equipment, there is at 
least one disadvantage which must be carefully con- 
trolled. This is the accidental arcing of finished parts of 
locomotives and cars. Many serious failures of motion 
work, side rods, tires and alloy steel parts have been 
known to result from arc burns. The importance of 
avoiding such arc burns must be constantly stressed. 

In the railroad shops, the oxyacetylene process is 
second only to manual are welding. For many years, it 
was used quite extensively for welding, but with the 
introduction of coated electrodes for manual are weld- 
ing, its use as a welding tool has been greatly reduced. 
However, there are certain applications, such as brazing 
and fusion welding of cast iron, on which this process is 
unexelled. Oxyacetylene welding is also used for weld- 
ing pipe, particularly in the smaller diameters. Oxy- 
acetylene equipment is essential for such operations as 
cutting, gouging, heating and flame hardening of steel. 

The larger railroad shops operate their own acetylene 
generating plants, distribution being made by means of 
pipe lines. Oxygen is also distributed by pipe lines 


1—Set Up for Building mg 
Automatic Submerged Arc-Welding Equipment 


Worn Crosshead Guides, Using 
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from banks of specially constructed cylinders, usually 
located in or near the acetylene generator building 
Oxygen is furnished by the supplier in either liquid form, 
which is transformed to a gaseous state by means of 
special equipment and pumped into the storage cylinders 
or it is supplied in gaseous form in a bank of cylinders 
permanently attached to a truck trailer and which can be 
connected to the shop supply lines when needed. 
the smaller shops and engine terminals, oxygen and 
acetylene are both handled in standard size cylinders 
which are returned to the supplier when empty. 

Most of the oxygen and acetylene is being used fo; 
cutting operations, both manual and automatic. Some 
shops have adopted flame hardening, using special equip. 
ment, to prolong the service life of certain locomotive and 
car parts. 

At the larger shops, automatic shape cutting is being 
used quite extensively for producing hundreds of irregular 
shapes. Plates of sheet steel are stacked to permit cut. 
ting of several pieces simultaneously. On heavier plates, 
multiple heads are used to cut two, three or four identical 
shapes. To facilitate cutting of extremely heavy sec- 
tions, such as locomotive side rods, the billets are pre. 
heated prior to cutting. Numerous templates, which are 
required for the many shape-cutting operations, are 
stored, properly identified, near the shape-cutting 
machines. 

With the introduction of modern streamlined stainless 
steel and aluminum passenger equipment, the problems 
of welding and cutting have been multiplied. The de- 
velopment of the inert-gas shielded-arc process of welding 
has made it possible to make sound welds easily in both 
stainless steel and aluminum and there are an increasing 
number of shops adopting this method. 

The very light gages of stainless steel are either sheared 
or sawed using special equipment. The cutting of 
heavier gages is difficult by ordinary means. Two 
recent developments for the cutting of stainless steel show 
considerable promise. One method uses a specially con. 
structed oxyacetylene-cutting torch having a third pas- 
sage for powder and a special nozzle. The additional 
passage carries an iron-rich powder mixture to the nozzle 
by means of air pressure, where it is injected into the 
oxygen stream. The same valve lever that turns on the 


Fig. 2—Set Up for Building Up Undersize Trailer and Driving 
Wheel Centers, Using Automatic Submerged Arc-Welding 
Equipment 
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cutting oxygen also starts the powder flow. The valves 
are so arranged that the powder starts to flow slightly 
before the cutting oxygen. Another method which has 
roved satisfactory for cutting stainless steels is a com- 
bination oxygen-are torch. The metal is cut by means 
of a concentrated pinpoint of heat generated by an elec- 
tric arc and a stream of oxygen. The arc is established 
between a coated tubular rod and the metal to be cut. 
The oxygen is supplied through the opening in the rod 
itself by means of a valve which is an integral part of the 
electrode holder. Standard oxygen cylinder, regulator 
and hose are used. 

One of the major problems with which the railroad 
shops and terminals have been confronted is the applica- 
tion by welding of hardened-spring steel liners or wear 
plates to roller-bearmg housings and truck pedestals. 
Due to the nature of the material from which the liners 
are made, welding with mild-steel electrodes has not 
proved satisfactory due to welds cracking and failing in 
service. The use of lime-coated, type 18-8 stainless-steel 
electrodes has overcome this cracking condition to a 
great extent. Nevertheless, care must be exercised to 
provide good metal-to-metal ‘contact between liner and 
casting before welding to obtain the best results. 

A disadvantage of using stainless-steel electrodes for 
welding on the liners is the difficulty experienced in re- 
moving the weld deposits when necessary to renew the 
liners. To date, the most satisfactory method for remov- 
ing the stainless-steel beads has been by means of the 
oxygen-arc torch described above. However, some 
grinding is necessary and this is more or less a time- 
consuming operation due to the toughness of the stain- 
less-steel deposit. Experiments are being conducted, 
using low-hydrogen-type electrodes, A.W.S. Class E- 
6015, for attaching the liners. If the low-hydrogen 
type of electrodes prove satisfactory, the removal of the 
liners will no longer be a problem. 

In reconditioning both passenger car and locomotive 
truck frames, it is necessary to build up worn bushing 
and bolt holes by welding. The worn metal must be 
restored and holes carefully rounded to insure original 
alignment, Either arc welding or oxyacetylene process 


may be used but it has been found that the latter is pre- 
ferred as the weld metal can be more readily shaped 
while hot by means of hammer blows. While the 


Fig. 3—Building Up Undersize Brake-Beam Trunnion, Using 
Automatic Bare-Arc Type Welding Head 
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Fig. 4—Flame-Hardening Driver Brake-Beam Trunnion 


metal is hot, a tapered pin of suitable size is driven in 
the hole. This rounding of the hole facilitates reaming 
to correct size. 

Worn holes in parts which can be handled on a drill 
press, such as brake levers, spring equalizers, crossheads, 
crosshead guides, guide-yoke ends, brake beams, etc., 
are restored by plug welding the holes solid and redrilling. 
Usually, a double tapered mild-steel plug is inserted in the 
hole midway between the two outer surfaces. This 
method eliminates the necessity for using a copper back- 
up and at the same time reduces the amount of weld metal 
which must be used. A.W.S. Class E-6020 electrodes are 
preferred for this purpose because of their high rate of 
deposition and the relatively smooth finish of the weld 
metal which can be drilled without any additional 
preparation. 

The welding of locomotive fire boxes, using both 
A.W.S. Class E-6010 and E-6012 electrodes is now rou- 
tine. Only qualified men are used on this type of work 
and judging by the relatively small number of failures, 
even under extreme conditions, our faith in welding has 
gained considerable ground. However, there is one 
problem in connection with welding on the boiler which 
has not been entirely overcome. I refer to the seal 
welding of flexible staybolt sleeves. Due to the high 
sulphur content of the sleeves and the position in which 
welds must be made (it being not practical to position 
boiler in a railroad shop), it is very difficult to produce 
satisfactory welds. On one large railroad, welding with 
bare electrodes followed by caulking has overcome some 
of the trouble. However, an electrode which would 
produce a leak-proof joint without the necessity for 
caulking would result in substantial savings. Tests of 
several recommended electrodes have not produced the 
desired results to date. 

On account of the increasing popularity of the Diesel 
locomotive, the future of the steam locomotive is some- 
what uncertain at the present time. However, there 
are many modern-type steam locomotives in operation 
on the nation’s railroads which will have to be continued 
in service for several years to come if the owners are to 
realize at least a fair return on their investment. Weld- 
ing will play an important part in maintaining these 
locomotives in service. Among these modern-type 
locomotives, there are an increasing number being equip- 
ped with all-welded boilers. This method of fabrication 
has proved very successful and is an achievement in 
which we can all take pride. 

The volume of maintenance welding on Diesel locomo- 
tives is far less than that of steam locomotives. Further- 
more, this welding is of a different nature. Most rail- 
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road shops follow the practices recommended by the 
Diesel locomotive builders. 

The welding of broken and cracked steam locomotive 
frames is being successfully accomplished. Standard 
beveled preparation is used. As additional precaution 
against failures in welds due to contraction stresses, 
adjacent members are preheated by means of charcoal or 
suitable torches to provide expansion at the point of 
fracture prior to welding. 

The amount of necessary expansion is determined by 
the thickness of the fractured members and is measured 
by means of trams. Sometimes, due to the location of 
the fracture, and the shape of adjacent members, it is 
impossible to get the desired expansion. In that case, 
each layer of weld metal is thoroughly peened to relieve 
excessive stresses. The results have been very successful. 
For welding, A.W.S. Class E-6010 electrodes have been 
found to produce the best results. On completion of the 
welds, all reinforcement is removed by chipping and 
entire area is ground smooth to contour of parent metal. 
Formerly, the reinforcement was left on, but it was found 
that it resulted in a joint which was too rigid and which 
produced cracking elsewhere. Extreme care is exercised 
to avoid leaving sharp corners and notch’effects in which 
cracks are liable to start. A record is kept of the locomo- 
tive number, location of failure, name of welder and date 
of repairs. 

Many castings are being replaced by fabricated designs. 
New parts, wherever possible, are fabricated by welding 
rather than using castings. The result is a stronger and 
lighter piece of equipment, free from the usual defects 
found in castings. 

There are a great number of parts removed from rail- 
way equipment for miscellaneous defects which are 
being reclaimed by welding and placed back in service. 
Most railroads maintain reclamation plants where parts 
of cars and locomotives are reclaimed under the proper 
conditions. Couplers, coupler parts, bolsters and truck 
side frames undergo rigid inspection and all welding is 
done in conformance with A.A.R. Regulations. The 
reclamation of worn and broken parts of railway equip- 
ment by welding saves the railroads thousands of dollars 
annually. 


Safety in Welding 


The railroad shops have not overlooked the importance 
of safety in welding operations. The welding operators 
are provided with the best protective equipment avail- 
able. A continuous campaign is being waged against 
fires, defective equipment and carelessness of workmen. 
Safety rules, based on long experience are contained in a 
pamphlet which is distributed to all employees having to 
do with welding and welding equipment. Accident 
prevention is considered to be an important part of the 
welder’s job. 

The setting up of the proper welding procedures is an 
absolute necessity in shops doing a large volume of weld- 
ing work. As mentioned previously, many railroads 
have adopted manuals which contain procedures covering 
all the important welding work. The procedures are 
generally set up by welding supervisors or instructors and 
approved by the Engineering and Test Depts. of the 
railroad. 
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Fig. 5—Flame-Hardening Multiple-Wear Crosshead Guide 


Training and Inspection 


The training of men for welding positions is an impor. 
tant part of shop supervision. Unfortunately, this phase 
of welding is not always given the attention that it de- 
serves. Usually, eligible candidates for welding posi- 
tions had six months’ training during their apprentice- 
ship. Frequently, additional training is required before 
the candidate can successfully qualify by passing appro- 
priate tests. The necessity for having qualified instruc- 
tors is quite apparent, and no large railroad shop can 
afford to be without one. 

Inspection plays a very important part in welding. 
In the larger railroad shops having a considerable number 
of welders, there is usually not enough good men to do all 
the important welding work. In such cases, it is neces- 
sary to have an inspector who must see that the parts are 
properly fitted and that the proper procedure is being 
followed. Failures often result from improper prepara- 
tion, incomplete penetration and the use of improper 
electrodes and techniques. Not all shops have inspec- 
tors, but most of them have a qualified supervisor who is 
responsible for the quality of workmanship. 

To keep the quality of welding at a high level, the 
process must be treated as an important part of railway 
maintenance. Failure to do so will lead to neglect and 
result in bad practices which are hard to control. Well- 
trained supervisors who are familiar with all phases o! 
the art of welding, and who are interested in this type of 
work are excellent insurance against bad practices. 
Good equipment is also very essential. Welding opera 
tors must be told how important their work is, and be 
encouraged to do their best at all times. Weld failures 
in railway equipment are sometimes very expensive ai’ 
everything possible should be done to keep them to 4 
minimum. The use of correct welding procedures, 
trained operators, good supervision and accepted inspec 
tion methods is most essential in maintaining locom: 
tives and cars in service. 
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The Effect of Wave Shape in Inert-Arc 
Welding Circuits 


By R. W. Tuthillt 


An analysis of an alternating oe, inert arc ELECTRODE NEGATIVE 
when welding aluminum shows an inherent arc 

which results in a flow of direct 
current. A detailed description to explain how ELECTRONS 
this direct current may be generated and main- 

, tained will be given with some of the factors D.C. COMPONENT 
a which govern its size and effect. The effects of 
“i this direct current component on arc stability, 
penetration, power in the arc, contour of the 


» weld and on primary power supply will be 
shown. The methods of removing this direct oh 4 
current will be shown with the advantages and WORK NEGATIVE — til 
por. disadvantages of each. The effect of blocking ALUMINUM EMITTING ra 
phase the direct current on welding factors will be ELECTRONS «| 
it de- explained. An analysis of the arc characteristics Fig. 2 QO 
posi will be shown to reveal why a pure sinusoidal Q 
ion. current is more desirable both in the welding al 
vefore phase and in the power supply. = 
ppfo- It has been known for sometime that if the electrodes <<f 
struc- at either end of an arc were of different material, an * 
can .. unbalanced current existed in the circuit. One explana- a 
‘sad beh tion of this has been that electrons are released more 
ding. sources. This primary voltage wave shape is easily from one medium than from another, and also the <j 
mber a : . . electron flow is affected by temperature of the electrodes, 
nearly always a sine wave for all practical considerations. . . - a 
do all Just because the secondary voltage of the transformer is Tungsten is a material which can be thought of as a ‘s 
leces- sinusoidal, the welding current is not necessarily a sine thermionic emitter, that is, the hotter the electrode the j 
ts are wave, neither is it necessarily a balanced wave. A weld- easier electrons can be emitted and current can flow. It A 
aang ing arc with a heavily coated electrode is usually con- melts at approximately 6200° F. In a welding arc, the = 
para- sidered to be of a nonlinear characteristic, that is, the arc electrode usually runs with its tip at this temperature. 


roper voltage wave is flat topped, rather ragged, while the cur- Aluminum is a material with a relatively low melting 
spec rent is considered to be a sine wave. (See Fig..1.) The point, about 1200° F. Aluminum has been classed as a = 


rho is current is in phase with the arc voltage. eae gE of a thermionic and a field strength emitter. > 

at is, it is not so much affected by temperature as it is “4 
, the by voltage impressed as far as current flow is concerned. 
ilway ARC VOLFAGE In an alternating-current welding arc between tungsten 
: and f and aluminum in argon, there is an unbalance of current 
Well- flow because of the marked differences between the two 
es of metals. It is thought that since it is a better thermionic 
pe of emitter, tungsten permits more electrons to flow when it 
tices. is the cathode than will flow from the aluminum back to 
pera- oo ie . the tungsten on the remainder of the cycle when alumi- 
id be ART CURRENT num is the cathode. The unbalance of electron flow can 
lures be considered to be direct current. The total current 
and flow being a combination of sine wave of alternating cur- 
to a rent and direct current straight polarity, electrode nega- 
ures, tive. This straight polarity current being that in which 
spec: current flow is from the aluminum to the tungsten, and 

pmo electron flow just the reverse. 

The curve in Fig. 2 shows the total current in the cir- 
cuit drawn about its zero axis and, as can be seen, there is 
a considerable unbalance. If an imaginary zero axis is 
hnakanhionel drawn so that the wave is symmetrical about this axis 
Fig. 1 then the distance between the original zero axis and the 
- - new axis can be considered to be the direct-current com- 
weet peated for Tecaty-Ninth Annual Meeting, A.W.S., Philadelphia, Pa, ponent. This action of direct current flowing has been 


t Design Engineer, Welding Division, General Electric Co., Holyoke, Mass. called partial rectification to distinguish it from complete 
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Fig. 3—Typical of Current Waves for Magnesium, Stainless 
Steel and Copper 


rectification which sometimes can occur in arcs on 
aluminum if the welding conditions are not correct and 
no current flows during that part of the cycle when 
aluminum is the cathode. The action of partial recti- 
fication, or just rectification as it has been called, is also 
noticed on metals other than aluminum and can be seen 
in Fig. 3. 

The action of an arc in generating this direct current 
can be likened to a battery. The arc battery as it has 
been called is of polarity to make the work positive and 
the electrode negative and can be considered to be in 
parallel with the arc. If the direct curent is prevented 
from flowing by methods which will be shown later, then 
the voltage of this imaginary battery will be from 6 to 8 
v. as measured by a direct-current voltmeter. When the 
direct current is permitted to flow, the direct-current volt- 
age drops to about 1.5 to 2.5 v. In this circuit the cur- 
rent depends upon the resistance of the electrode, welder 
and work leads. This drop in voltage from about 7 to 2 
v. may be considered to be voltage regulation due to 
direct current flow. 

The effect of this direct current, if allowed to flow 
unchecked, can be quite severe in many ways. First of 
all, most transformer-type welders are designed to use the 
steel core at its optimum value of flux density. The 
direct current flowing in the secondary winding unbal- 
ances the flux density in the core causing the primary cur- 
rent to change its wave shape and to be excessive. A 
glance at Fig. 4 shows a picture of a typical primary cur- 
rent while direct current is flowing in the secondary of 
the welder as compared to the primary current when no 
direct current is present. The breakdown of a typical 
primary current into its harmonics can be seen in Table 1. 
This shows that primary capacitors have little effect in 
limiting the harmonic currents. 

The most important effect of rectification on primary 


Table 1—Input Current to Arc Welder Welding Aluminum 


, / 
——No Capacitors——. ——With Capacitors / ‘\ / \ 
Amp. %of60Cycle Amp. % of 60 Cycle hi F » ° 
Totalrms. 63.2 105 45.6 117 / ‘ | 
60 cycle 60.0 100 39.0 100 
120 cycle 14.5 24 16.0 41 : / \ i 
180 cycle 12.5 21 15.0 39 \ / ‘ i | 
240 cycle 5.3 9 6.0 15 ‘ ARC ie 
300 cycle 2.7 5 3.9 10 
360 cycle 0.3 4 
420 cycle 0 3.4 9 | 
480 cycle 0.5 1.5 4 
Input 60 
cycle if nal | 
> WNBALANCED WAVE BALANCED WAVE 
Fig. 5 
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WITH DIRECT 
CURRENT COMPONENT 


WITHOUT 
CURRENT COMPONF)T 
Fig. 4—Primary Current Waves 


DIREC T 


current is to cause excessive heating because of the abnor. 
mally high primary current required in order to weld 
under these conditions. Practically speaking, this has 
been a major cause of machine failures because there has 
been no way of limiting the use of a machine so that it 
can only be used to 70% of its metal are welding rating 
This is about the maximum current permissible since 
welding at this current with the direct-current component 
in the arc results in about the same heating in the welder 
as would full load with metal are welding. 

Another trouble, although less severe, can be the effect 
of the harmonics in the primary current which may cause 
circulating currents to flow to equipment connected to the 
same branch circuit. 

One of the major disadvantages of this direct-current 
component is its deleterious effect on the weld itself. 
The weld may be no less sound, but a decrease in bead 
width, penetration and general are stability has been 
noticed when the unbalanced current flows. That the 
penetration is less has been proved by tests and one ex- 
planation has been as follows. The penetration of the 
arc into the plate as measured by melted metal is directly 
proportional to the power in the arc. If the power in th: 
arc is less, then the penetration is less. This is noted in 
nearly all welding processes where a decrease in arc 
voltage or arc current results in less heat in the arc. 

When the arc voltage is broken down into its com- 
ponents (refer to Fig. 5), it has been found that the 
alternating-current arc voltage during the part of the 
cycle when tungsten is emitting is 4 to 6 v., while that 
part of the cycle when the aluminum is emitting is 20 to 
24 v. In an are with unbalanced current, it can be seen 
that the largest current flows for the longest part of the 
cycle when the tungsten is emitting electrons at a low arc 
voltage, the shortest part of the cycle has the 
smaller current and higher are voltage while the alum- 
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Fig. 6—Inert-Arc, 200-Amp., '/s-In. Sheet Aluminum. Left, 
with Direct-Current Component. Right, Without Direct-Current 
Component 


num is emitting electrons. The power and heat in the 
arc is the sum of the product of the voltage and current 
in each half cycle, so the total power is low. 

If the current is kept to the same rms. (root-mean- 
square) value, that is, it produces the same heating on 
the secondary winding of the welder, then two effects are 
noted. The amplitude and the length of time the current 
flows while the aluminum is emitting increases materially. 
Since this part of the cycle is the one in which the arc 
voltage is highest, then it is apparent that an over-all 
increase in are power is a result. 

Here it may be well to point out emphatically that in 
any comparisons between balanced and unbalanced 
conditions, the method of measuring current is of extreme 
importance. Ammeters must be used that carry the full 
current and are known as direct-reading type meters. 
Any ammeter that has a current transformer in its meas- 
uring circuit is useless. 

The practical effect of this difference in arc power can 
be seen from Fig. 6 which shows the penetration and 
bead width of beads made side by side under identical 
welding conditions. The one on the right is without the 
direct-current component and the one at the left is with 
direct-current component flowing. The rms. current 
was 200 amp., '/s-in. thick sheet, travel speed 20 in. per 
minute. As can be seen, the bead width and penetration 
are smaller on the left than on the right. The percentage 
of direct current on the one on the left is 33% of the total 
current. 

If the analysis of power in the arc is taken one step 
further, it would be surmised that if the direct current 
were made to flow contrary to its natural tendency, the 
power in the arc would increase still further. This 
would increase the time and value of the current during 
the aluminum emission (high arc voltage) part of the 
cycle. Experimentally this has been tried by putting 
storage batteries in series with the arc in such a way as to 
cause direct-current reverse polarity, electrode positive, 
current to flow. Under these conditions, the weld bead 
actually becomes wider and deeper. Conversely, if the 
batteries are inserted in such a way as to aid the natural 
direct current, then the bead width and depth may be 
even narrower. A glance at Fig. 7 will show the relative 
bead widths and penetrations for the different types of 
current. When the battery is inserted in the direction to 
cause more heat in the arc, the core of the welder 
again becomes saturated with the danger of over- 
heating the welder. This disadvantage, together with 
the fact that a larger electrode seems to be needed, does 
not make the method of getting more power in the arc 


Fig. 7—Inert-Arc, 200-Amp., '/;-In. Aluminum Sheet. Left to 

Right, Balanced Wave, No Direct Current, Unbalanced Wave 

with Natural Direct Current (Straight Polarity Direction), 

Balanced Wave, No Direct Current, Unbalanced Wave with 

Batteries Inserted to Give Direct-Current Component (Reverse 
Polarity Direction) 


Fig. 8—Inert-Arc, 400-Amp., '/,-In. Plate Aluminum. Left, 
Without Direct-Current Component. Right, with Direct-Current 
Component 


practical. However, it serves to bring out the theory by 
giving a practical example. 

The effect of the direct-current component on the depth 
of penetration is much more apparent at currents below 
200 amp. than it is above 200 amp. (See Fig. 8.) 

One explanation of this has been that the percentage of 
direct current in the arc with respect to the total current 
goes down as welding currents goup. This tendency re- 
sults in a modifying of the phenomena causing less 
apparent difference in penetration between beads of 
different wave shapes. It must not be forgotten, how- 
ever, that the total value in amperes of the direct-current 
component increases as the total current increases. Al- 
though this results in less direct current in per cent of the 
total current, it does not alter the fact that the welder 
core is even more saturated with flux which results in still 
higher primary currents and overheating. Table 2 gives 
the actual readings taken during test of different beads at 
different currents. Why can direct-current component 
increase at higher currents? One reason given is that at 
higher welding currents the resistance of the arc itself 
decreases causing more direct-current flow. 

Another factor making welding at high currents with 
the direct-current component cumbersome is the ap- 
parent “arc blow’ that is present. It has been reported 
that considerably less oscillation of the molten pool and 
filler metal occurs with the direct current blocked than 
when it is permitted to flow. 

Since the heating of the welder is less and penetration 
of the weld is greater with no direct current, the solution 
is obvious. The direct-current component must be 
blocked. This can be accomplished in either of two 
ways. A battery of about 6 v. and sufficient current- 
carrying capacity may be used to balance out the natural 
rectification. Maintenance on the batteries and connec- 
tions is rather high and quite a bit of floor space is taken 
up by this method. 

A second method seems to have the advantage. A set 
of small capacitors, electrolytic type, can be used in paral- 


Table 2 
Secondary 

lype of Primary Normal, Current, D.-C, Component, D.-C of Total, D. C. Volts 

Wave Current Per Cent Rms. Amp. Per Cent Across Arc 
Balanced 47 100 150 0 0 6.9 
Unbalanced 57 121 150 66 — 44 1.5 
Balanced 60 100 200 0 0 6.6 
Unbalanced 88 147 78— 39 1.5 
Balanced 87 100 300 0 0 7.0 
Unbalanced 160 184 300 102— 34 2.1 
Balanced 147 100 400 0 0 6.6 
Unbalanced 250 170 400 132— 33 2.5 
1948 INERT-ARC WELDING CIRCUITS 787 
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lel, all connected so as to be in series with the arc. These 
capacitors produce the same effect as the batteries in that, 
during the first cycle of current flow, a voltage equal and 
opposite to the are battery forms, preventing further 
direct-current flow. 

Inert-are welding has progressed to such a stage today 
as to make the process more and more suitable for new 
applications. The prospective user would do well 
to consider items such as penetration, overheating of 


machines, maintenance and control of inert gas ang 
cooling water before deciding on the type of machine to 
use. If the natural direct-current component is allowe; 
to flow unrestricted, overheating of the welder and “we 
penetration of welds can be expected than when the direct 
current is blocked. It seems almost as if it can be sais 
that a balanced wave takes some of the heat out of the 
welder and puts it into the work when compared to the 
unbalanced wave. 


Arc-Welded Steel 


Framing Reduces Cost 
of Residential Building 


By A. F. Davis* 


HE success of the Schroedel Construction Co. of 

Milwaukee, Wis., in reducing its erection cost on 

residential buildings is an accomplishment of 
significance for the present housing situation. In the 
village of Shorewood, Wis., Francis J. Schroedel has de- 
signed and is erecting four 12-family apartment units, 
eight 16-family units and one 24-family unit with a 
direct savings over masonry and fire resistive construc- 
tion of 50%. This saving is the result of construction 
methods and the use of steel for wall frame and floor 
joists. Wall panels were prefabricated in the shop with 
mass-production arc-welding techniques and erecte1 in 
the field with arc welding. 


A modular design using 2-ft. increments permitted the 
controlled shop fabrication of first- and second-floor wall 
panels. Bethlehem open-web expanded steel studs were 
welded between a channel cap or girt and a sill plate for 
both first- and second-floor panels. Three-quarter inch 
channel was added between studs for horizontal bracing. 


For field erection, wall sections are raised into place 
with a hoist. They are clamped in position with a simple 
pipe clamp and welded together. The first-floor framing 
is welded into an integral unit without the attachment of 
the framing by anchor bolts to the foundation. A fin- 
ished concrete floor is later poured to cover the sill plates 
and hold framing in position. 


An I-beam, supported by two outside walls and the 
center utility room walls, forms the center support for 
the expanded steel second-floor joists. No scaffolding is 
necessary for erection of the framework. 


Exterior walls will be finished with masonry and 
interior plastering will be applied to metal lath welded in 
place. Five hundred tons of structural steel are being 
used in the project. The framing required 2000 man- 
hours for erection. The cubic content of each apartment 
unit is 900 sq. ft. and the cost per unit will be approxi- 
mately $7000. 

In addition to permitting savings in prefabrication, 


* Vice-President, The Lincoln Electric Co., Cleveland 1, Ohio. 


Fig. 1—Placing a Second-Floor Prefabricated Wall Panel. 

Panels Are Made of 4-In. Bethlehem Expanded Steel Studs. 

Panels Are Simply Hoisted Into Position and Welded in Place 
to Make the Framing a Rigid Integral Unit 


Fig. 2—The Steel Stud Panels Are Clamped in Position and 
“Nailed” Together with the Modern Arc-Welding Electrode 


simplified erection, ease of installation of plumbing, wir- 
ing and insulation, the arc-welded steel framing creates 4 
house of greater durability that is shrinkproof and ver- 
minproof. 
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Submerged Arc Welding of 
Freight Cars 


By E. A. Watsont 


OME three years ago it became apparent that 
welded freight cars had passed the stage of token 
orders placed for proving this method of construc- 

tion. Welding knowledge gained through armament 
activities helped greatly to bring decision favoring weld- 
ing construction. 

This called for development design and construction of 
production tools to put welding on a competitive basis 
with riveted construction. 

For this purpose a careful survey of our plants was 
made and two were selected to spearhead the transition, 
one for box cars and one for hopper cars. 


* Scheduled for the Twenty-Ninth Annual Meeting, A.W.S., Philadelphia, 
Pa., week of Oct. 24, 1948. 

+ Assistant General Improvement Engineer, American Car and Foundry Co 
New York, N. Y. 


The Huntington plant at Huntington, W. Va., which 
was favored with an order for 7000 all-welded C. & O. 
70-ton hopper cars is the setting for one of the outstand- 
ing achievements in car-building history. 

Not only is the order one of the largest ever placed but 
it required changing over entire facilities and retraining 
personnel that had a highly eviable record for many years 
in the field of riveted construction. All this had to be 
accomplished in a six weeks’ period. 

A school was set up and rivet crews were trained in 
welding by competent instructors. Of the 175 enrolling 
in this class, 160 passed the final tests. 

All welding is positioned so that there is only downhand 
welding. 

This ACF-designed car is being built to the following 
weights and dimensions: 
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Fig. 2—-Subassembly Line for Sides 


9 ft. 119/4 in. 
Width outside (over side sill)........ 10 ft. 5'/s in. 
Height rail to top of car body....... 10 ft. 8 in. 
Distance center to center of trucks.. 33 ft. 5 in. 
Cubic capacity level full............ 2789 cu. ft. 
Cubic capacity 10-in. average heap... 3123 cu. ft. 


Weight of trucks................... 18,400 lb. 


The car is constructed of O.H. steel and steel castings 
and is welded throughout except for the attachment of 
safety appliances as required by law. 

The car is built on a main assembly line which passes 
down the west side of the shop as shown in Fig. 1. The 
various subassembly lines are arranged on the east half 
of the shop and flow at right angles, meeting the line in 
each case at the point of application. 

The principal subassemblies are (a) the underframe, 
(6) the hopper chutes, (c) the cross-ridge assembly, (d) 
the floor, (e) the ends and (f) the sides. 

(The trucks being the only other major subassembly 
do not require welding being composed of forged axles, 
steel wheels, cast steel side frames and bolsters.) 

Much care has been given to the design and construc- 
tion of these subassembly jigs. This is imperative since 
there are no rivet holes to drift imperfect subassemblies 
into place and only by accurate butting of carefully con- 
trolled edges can an acceptable car be built. 

The sides of the car constitute the subassembly having 
the greatest amount of weld. Over 85% of the side 
welding is done with the automatic submerged arc method. 

The side is composed of 5 O.H. steel sheets */1 in. 
thick butted together on the first position jig of the side 
subassembly line as shown in Fig. 2. This particular 
subassembly line, because of its length, parallels the 
main line and flows in the opposite direction or to the 
bottom as shown in the picture. 

These five sheets are welded together by the gantry 
shown in Fig. 3. Attention is also directed to the 
pneumatic clamps which hold the sheets in alignment in 
Fig. 3. 

The gantry is self-propelled, carries a 1200-amp. 
generator, a single welding head, holddown fingers and 
indexes over each joint automatically. An elevating 
platen on the gantry carries all this equipment and 
through this medium exerts a pressure up to 200 lb. per 


lineal inch. This holds the sheets flat to the copper 
backing bars on the jig and produces a smooth weld oy 
the opposite side. 

A space of '/is in. is maintained at the butting edges of 
the sheets. This is to assure 100% penetration. 

To accomplish this weld the following procedure jg 
used: 


72 in. per minute 


5/-in. automatic wire 


Welding flux 


There are four butt welds, 6 ft. 9'/2 in. each, required 
to join the sheets together. 

These sheets now fused into a single piece are elevated 
by a set of pneumatically operated rolls and moved to 
the next position where the two longitudinal stiffening 
members known as the side sill and top chord angle are 
applied. See Fig.4. This is known as position 2 of this 
assembly jig. Notice the top chord bulb angle accur- 
ately located and held by pneumatic clamps operated 
from a single control valve. 

Figure 5 shows the longitudinal welding gantry about 
to descend and apply holding pressure to the sheet at the 
top chord angle and the side sill in the background. 
Here can be seen the holddown fingers, the welding wire 
guide and the flux recovery suction nozzle. 

This gantry is equipped with three 1200-amp. genera- 
tors and three automatic heads. Three lines of weld are 
laid down at once. 

A total of 98 ft. 5'/2 in. of automatic weld is applied to 
each side in this position or station. 

The side sill is a channel-shaped section with the toes 
of the channel contacting the sheet. Two '/;-in. fillet 
welds are applied simultaneously. 

The procedure is as follows: 


On the single weld of the sheet to the top chord angle 


Speed 60 in. per minute | 


On the dual heads welding the side sill channel section 
to the sheet: 


28 to 30 


Fig. 3—Pneumatic Clamp Which Holds Sheets in Alignment 
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fig. 4—Position Where Two Longitudinal Stiffening Mem- 


tbout bers, the Side Sill and Top Chord Angle, Are Applied 


it the 
; wire In both cases 5/3o-in. automatic wire and flux are used. 
In the third position the 10 channel-shaped vertical 
nera- side stakes are applied. This requires the use of two 
d are transverse or cross gantries each equipped with two 1200- 
amp. generators and two heads having fillet weld attach- 
ed to ments as shown in Fig. 6. 


These side stakes are located by flop over gages at- 
toes tached to the jig and are firmly pressed against the sheet 
fillet by the holddown fingers seen at the bottom of the hold- 
down beam. An adaptation of these two heads has been 
made to a right and left unit carried on cross slides which 
are moved in and out by power. Thisis to accommodate 


le 
= the varying width of side stakes. 
The procedure on these gantries follows: 
72 in. per minute 


Figure 7 shows completed sides at the stock racks next 
to the side application position on the main assembly line. 


Fig. 6—Vertical Side ene Bee’ Welded with Two Automatic 
ea 


R 1948 


Fig. 5—Longitudinal Welding Gun About to Descend 


One complete side is produced every 16'/: min. average 
time on this subassembly setup. 

It is interesting to note that there is a total of 275-ft. 
of welding to complete one side and that this would be 
about the number of 5/s-in. rivets required to assemble 
a similar side of the riveted type. 

Considerable use is being made of the new Lincoln 
semiautomatic weld on this car. At the present time 
over 160 ft. of semiautomatic weld is being applied to 
each car. 

On parts lending themselves well to semiautomatic 
welding such as the cross-ridge subassembly and the 
underframe or center sill structure, the speed is double 
that of the regular hand weld. The other advantages 
are rapidity of training operators, deep penetration and 
elimination of need for welding helmets and other protec- 
tive clothing. See Fig. 8. 

Lincoln °/g-in. wire in 50-lb. coils is used with flux 
in the cone hopper. 

The wire is fed automatically from the dome-shaped 
coil housing through the flexible tube seen just left rear 
of the operator in Fig. 8. The generator is a 600-amp. 
machine. 

The following procedure is normal performance on the 
cross-ridge subassembly : 


Material welded............ 
Number of feet S.A. weld per 


Fig. 7—Stack of Completed Sides 
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The test car was used as the struck car. This is baseq 


on previous work which indicates that the struck ca; A re “ 
developed higher stress than the striking car. urn 

The test car weighted 46,200 Ib. light and was loaded * a 
with barley coal to a total weight of 204,460 Ib. The a call 
striking car was a 70-ton gondola car loaded with pig —. 
iron to a total weight of 196,900 Ib. . Se 

Stresses were measured by use of De Forest strajy re ot 
gages, fifty of which were located at the critical points oy It 
the car. 

aly sé 


Velocities were measured by means of a cycle counter 
operating on 60-cycle a. c. which was actuated by phos 
phor-bronze contact points suspended from the journa| 
box of the striking car. This method records the speed oj 
the striking car just before the moment of impact. By WI 
very accurate measurement of the contact rail sections 
and by plotting the cycles in each section it was possib\ 


Fig. 8—Cross-Ridge Side Assembly Lends Itself to Arc Welding 


: .... ¥/yg- and '/q-in. heads Ma 

Straight polarity Pay 

48 in. per minute im] 

The summary of welding footage for complete con- 
struction of this car follows: 4 

Semiautomatic welding.......... 165 ft. 7 in. »— i 

¢ Automatic welding.............. 478 ft. 5 in. 

Hand welding.................. 1131 ft. in. 

Hand-tack welding.............. 189 ft. in. 

is Total welding percar............ 1915 ft. 

ox This car has been put through a series of impact tests at 


our Berwick laboratories. 


Fig. 11—Twenty-Five Cars Is a Day's Production on the 70-Ton All- 

Welded Standard ACF Hoppers. At the End of the Day the String 

of Cars Is Hooked onto a C. & O. Engine and Delivered to the 
Railroad, to Be Put Into Immediate Service 


to calculate the acceleration and deceleration of th 
striking car. The accuracy of this method is '/, of a 
cycle or '/249 of a second over a distance of 3 ft 9 in., the 


length of one section of the contact rail. Savage Impact d 

Recorders were used to record horizontal and vertical 1ep 

impacts. All welds were whitewashed before testing and iter 

were inspected after each impact. - 

Impact velocities were increased in a series of 16 tests IS € 

from 2.7 mph. to the final 14.0 mph. sul 

The normal maximum speed used in hump service, ma 

approximates 5 mph. and stresses up to that point would tal 

be representative of the highest encountered in service. ne 

The tests were conducted at speeds much higher than > 

Fig. 9—Oblique Perspective by from Corner Showing Inside normal to fully develop the ‘design characteristics of the “ 
of Car car. Sav 
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4 review of the impact results would indicate that the 
jaximum stress at 5.4 mph. (which is normal maximum 
, service) is 14,000 psi. at the center sill. This stress is 
nw enough to indicate that much higher speeds will not 
waterially damage the car. 

“A complete inspection of the car showed all strength 
gelds to be intact after the 16 impact tests. 

It has been possible through car design which seeks to 
ke maximum advantage of welded construction to not 
only save weight and increase pay load but to produce an 


interior so smooth that much of the violent abuse in 
hammering and shaking during unloading period can be 
eliminated. 

Inctpient corrosion points have been removed since 
there are no open lapped joints and ledges such as are 
found in riveted construction. 

Further tests are being conducted and this together 
with 7000 of these cars in service on one of the world’s 
greatest coal hauling roads should eventually help estab- 
lish welded construction in the realm of certainty. 


What a Maintenance Department Can 
Do with Cutting and Welding in a 
Paper Mill 


By Jamison Mooret 


Maintenance is an important item in the 
operation of any paper mill. At Union Bag and 
Paper Corp.’s Savannah plant, increased and 
improved use of cutting and welding has con- 
tributed materially to lower maintenance costs 
and better quality production. 

Equipment and methods have been standard- 
ized and auxiliary equipment installed as 
needed. New machines and processes have 
been investigated and adopted when proved to 
be of practical value. Men have been trained 
to develop versatile skills and safe habits of 
work. Management takes a continually pro- 
gressive attitude toward the use of the most 
modern proved equipment and methods. 

Through these actions, the plant's mainte- 
nance department has been able to obtain longer 
life on machine parts, to handle successfully 
maintenance problems involving new materials, 
to overcome shortages of certain materials, to 
— lost time, and to reduce maintenance 

While the cutting and welding procedures 
described here are being used in a large plant, 
the principles can be applied to a plant of any 

size with proportionate savings. 


HE Savannah plant of Union Bag and Paper Corp. 
is the largest and perhaps the fastest growing mill 


_ of its kind that I know of in the United States. 
starting twelve years ago with one paper machine and a 
mall bag factory, this plant now has five 236-in. paper 
machines plus a large Bag Factory, Box Plant, Paper 
‘rocessing Department, and By-Products Plant. 

_ As the mill has increased in size so has our maintenance 
‘epartment. Maintenance is, of course, an important 
tem in the operation of any paper mill. With the volume 
i maintenance work required by the Savannah Plant, it 
s evident that even small reductions in unit cost will re- 
‘ult in considerable savings. Improvements in any single 
naintenance operation will have quite an effect on the to- 
‘al over-all maintenance cost. It is true that the equip- 
nent and procedures to be discussed in this paper repre- 
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sent those in use in a very large plant, but the same equip- 
ment and procedures can be adapted to smaller plants 
with proportionate savings. 

Mechanical maintenance at Savannah is carried on 
through the medium of machine shops, millwright shops, 
a pipe shop, a garage and a general maintenance shop. I 
am assistant foreman of the general maintenance shop. 

There are many ways in which this talk could have 
been presented covering the various procedures on cut- 
ting and welding in the Union Bag Savannah Plant. I 
have decided to present it to you under three main top- 
ics—Cutting, Welding and Related Processes based 
upon the normal and anticipated growth ef the plant. 


Cutting 


The number of hand cutting torches in use has in- 
creased from two at the time the mill was started to 
seventy-five at present. Because we have repair jobs on 
large and heavy equipment, such as the barking drums, 
all of the more modern methods of plate preparation are 
used. On the heavy channels where cracks have ap- 
peared, gouging nozzles have been used to wash out the 
cracks and the channels have been repaired as good as 
new. The channels are fastened to the tire of the barking 
drum with rivets and after much pounding caused by the 
rotation of the drums, these rivets have to be renewed, 
requiring the use of rivet cutting tips. 

As our work increased for hand torches we realized that 
we needed a portable straight line and cirele machine. 
One was purchased, and later others were added. Today 
eight are in operation. These machines are used for cut- 
ting wear plates for conveyors, cutting plate for tanks, 
and fabricating both standard and special I-beams. 

As the mill grew and maintenance responsibilities in- 
creased it was necessary to stock a greater quantity of 
plate in the mill to meet the repair schedule. This made 
it desirable to have a shape cutting machine that would 
meet our work requirements. A careful study was made 
of shape cutting machines and one was selected that could 
cut sprockets up to 36 in. in diameter and irregular shapes 
up to 10 ft. in length. This machine is equipped with 
three torches for multiple production of parts. Full-scale 
drawings are employed in cutting sprockets, strip temp- 
lets are used for repetitive jobs, and a magnetic head is 
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used on large orders. Just recently we were called on to 
cut a large sprocket for the coal conveyor to one of the 
power boilers. A large section of the sprocket was broken 
beyond repair and since at that time there wasn’t another 
to replace it, it became our problem to fabricate one. We 
were aware of the fact that every extra day the 
conveyor was down it would cost the company an addi- 
tional $600, this being the increase in the cost of fuel 
changeover from coal to oil. After checking the stock of 
plate, type 1045 steel plate 2'/, in. in thickness was selec- 
ted for the job. Using the shape cutter to cut the plate, 
the sprocket was completed in 8 hr., including the neces- 
sary machine work of boring the hub and cutting the key- 
way, netting a saving of over $300 on this job alone in the 
cost of fuel for the power boiler. The cutting of sprocket 
teeth, which formerly required as much as 8 hr. by milling 
machine, now takes only 10 min. on the shape cutting 
machine. 

An important step in lengthening the life of mill equip- 
ment and in making a better product has been made 
through the increased use of stainless and stainless clad 
steel on tanks, piping, pumps and other equipment. The 
cutting of stainless and stainless clad at first presented 
quite a problem to the maintenance department. In- 
vestigation of various methods resulted in the purchase of 
powder cutting torches for use on the shape cutting and 
straight line machines and of attachments to use on our 
standard hand cutting torches. This was really a God- 
send to all of us and made cutting stainless steel compar- 
able to cutting mild steel. As a result we now fabricate a 
large amount of equipment from stainless and stainless 
clad steel in our maintenance shops. 


Welding 


Pipe in sizes up to approximately two inches in diam- 
eter is still gas welded in most cases throughout the 
plant. Boiler tubes have frequently been repaired or, to 
use a shop term, safe ended, especially during the short- 
age of critical materials. The shops are equipped wtih 
oxygen and acetylene piped from manifolds and acetylene 
generators to better facilitate the use of such equipment. 
Many welding jobs have to be carried on in the mill and 
for this type of welding we have one man stationed in the 
General Maintenance Shop, part of whose duties is to re- 
ceive telephone calls and to dispatch oxygen or acetylene 
to points requiring it with a minimum of lost time. This 
operator is also an expert repairer of torches and regula- 
tors. 

Paper machine maintenance includes frequent repair- 

ing of damaged or broken castings. To meet certain 
chemical conditions some castings, such as pump hous- 
ings and machine frames, are of cast iron, while many 
others are of bronze; thus we must use both cast iron and 
bronze welding. In addition, Jordan bushings, sprockets 
and other parts have to be bronze surfaced; for this pur- 
pose we use a harder type bronze rod than the type 
ordinarily used for bronze welding. For some jobs we 
heat the bronze and hammer a shaft to near size, reduc- 
ing machining to a minimum. 
_ The latest techniques in gas welding involve low-tem- 
perature welding which we use on many jobs such as 
steel, aluminum, bronze and cast iron. Distortion can be 
held to a minimum because much less heat is required to 
get the desired results. 

Electric welding began on a small scale in the plant 
with two small portable welding machines. Now thirty- 
five are in operation, including three portable gasoline- 
driven machines used to reach welding jobs where elec- 
tric power is not available. Work such as tank fabrica- 
tion, building and repair of conveyors, barking drum re- 
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pair, pipe, stacks, vents, lime kiln repair, cooling system 
ducts, and structural steel for mill use on the building: 
cranes and crane buckets, call for a wide variety of ele. 
trodes. Our large stock of electrodes is stored in heated 
racks and bins for protection against moisture and damp. 
ness. This protection affords us better welds and effects 
quite a saving in rod burn-off and waste. 

An independent power supply for the welding machines 
was found to be necessary in order not to interrupt the 
operation of the mill and also to enable welding to be done 
during mill shutdowns. This system has been set 1, 
throughout the plant with safe type plug-in receptacles 
so that welders can be shifted from job to job with a min; 
mum of lost time and the welding job done without power 
interruption. On wood yard conveyors, which are ex 
tremely long, repair jobs were speeded up by running 
welding cable in conduit along the conveyors with a plug. 
in receptacle every hundred feet. This installation als 
affords greater safety, since it eliminated the former prac. 
tice of stringing welding cable over high wood piles t 
reach the job to be done. 

As the difficulties of getting sufficient amounts of cer. 
tain materials increased, we began to investigate the dif 
ferent types of automatic welding machines to determine 
just how this equipment could be used. This study re 
sulted in the purchase of one portable 1000-amp. Union 
Melt welding machine that operates off of two standard 
electric welding machines connected in series. This ma 
chine, which runs on six-foot sections of interlocking track 
or on a standard ten-inch I-beam, makes long straight 
welds of better quality, and at a faster rate than is pos 
sible with manual welding. This makes it ideal for fabri 
cating I-beams from plate salvaged from various jobs and 
also from plate that we have as standard stock. This 
type of welding complements machine cutting. With th 
two combined it makes a perfect set, as proper fit-up is 
essential on all jobs. 

The latest electric process is the heliarc welding, a type 
of electric welding where the arc is completely shielded by 
argon gas, making it possible to weld very light-gage 
stainless, Monel, aluminum and other nonferrous metals. 
A large job recently completed with this type of welding 
was the building of saveall pans for two of our large paper 
machines out of 14-gage Monel metal. These saveall 
pans are required on the Fourdrinier of each machine and 
by fabricating out of monel a corrosion problem was met. 


Related Processes 


A metal spray gun in Union Bag’s Savannah plant has 
been used very successfully on building up herringbone 
gear shafts, where the slightest misalignment would hav: 
been fatal as far as the operation of the reduction gears 
on a paper machine are concerned. Some of these shaits 
that have been metalized are operating successfully alter 
two and three years of continuous service. 

Flame hardening is employed on many sprockets by 
using type 1045 steel and a 30-flame water-cooled head. 
This head has tips of various sizes and plugs so that the 
flame can be adjusted to any particular job. The exper 
ence we have had in hardening gear teeth is that you call 
get the desired hardness for long service and still have 4 
tooth that will take plenty of punishment without break- 
ing off. This process has increased by two or three times 
the life of many sprockets now in use throughout the 

lant. 
: Two stud welders, each operating off of a standard elec- 
tric welding machine, are also in use. The principal ap- 
plication for these machines is the installation of pins 
secure insulation material on tanks such as digesters, 
evaporators and boiler tubes. In addition to these type 
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; studs, we have had good results in stainless steel stud 
welding on certain jobs for the By-Products plant, such 
; cladding condenser heads and installing stainless steel 
iinings in small tanks. 

In the sheet metal department, the use of one small 
ot welder has resulted in a reduction in the number of 
svets on light-gage metal. 

Wrinkle bending is used on pipe wherever it is con- 
jdered practical and thus far its application to steam, 
ater and liquor lines has proved satisfactory. 

Heavy heating is employed on various jobs as, for ex- 
ample, straightening large shafts, heavy plate bending, 
and stress relieving welds. 


A Look to the Future 


Since Union Bag and Paper Corp.’s Savannah plant is 
sill a young mill, having been in operation only twelve 
years, | think it would be fitting at this time to look into 
the future. We now have an expansion program under- 
yay, and this means that welding technology will be de- 
eloped and expanded with the growth of the mill. We 
re proud of the opportunity of being able to be a part of 
the maintenance department in which so many various 
oroblems will arise. 

We are looking forward, in the near future, to being 
ible to do shape welding by using the Union Melt welding 
head on the shape cutting machine. Also we have re- 
ently obtained a welding positioner that will enable us 

broaden our scope of work to take in heavy flange 
welding and other heavy work. 

We are also confronted with many corrosion problems 
nd in some places are using stainless clad steel or stain- 
ess steel liners. This will call for either heliare spot weld- 
ing or some other type of spot welder that will enable us 
to get the desired results on tank lining. 

Flame straightening is employed on many jobs and its 
use will be expanded. 

Studies are now being made on the possible advantages 
f using flame priming in the maintenance of a fleet of 
steel barges used in transporting a part of the plant’s 
pulpwood supply. It is thought that this process will 
ontribute to the increased life of the barges by providing 
better and cleaner surfaces for painting. 

There are indications that a larger shape cutting ma- 
hine may be required in the near future to handle more 
dliciently anticipated increased demands for heavier 
equipment to be built by the maintenance department. 

Pressure welding is also being investigated to see how 
many present jobs it can be applied to, and if future work 
quality may be improved by this type of welding. 


Men 


Up to this point my talk has been confined to machines, 
‘quipment and methods. No paper on this subject would 
ve complete, however, without mention of another highly 
inportant ingredient—men—the human element. A 
maintenance department is no better than the men who 
perform the actual maintenance work and the men in 
management who furnish leadership to those of us who 
are charged with seeing that maintenance work is prop- 
erly done. 

_Training directed toward the development of versa- 
tility of skills rather than in single skill is a definite part 


of our maintenance operations. Through a system of ro- 
tation and training, both welders and helpers become 
familiar with all types of work. Whenever new processes 
are introduced, all the men eventually are trained in their 
use. Consequently, we are better prepared to handle 
emergencies and peak demands for certain types of work 
than we would be if we had only developed a specialist or 
two in each line. 

This training on the job is supplemented by meetings 
and classes, held in cooperation with the plant training 
department. The purpose of the courses is to develop a 
better understanding of welding procedures and directly 
related skills. It is interesting to note that practically all 
welders and helpers have attended, voluntarily and on 
their own time, meetings at which welding films are 
shown and discussed; and that a large percentage of the 
men have voluntarily .completed courses in blueprint 
reading. 

Supervisors also come in for their share of training, not 
only in the technical end of the work, but also in the fun- 
damentals of working with and directing people on the 
job. 

Safety is another important consideration in the train- 
ing, protection and development of our men. Our job 
training is conducted on the basis that the safest way to 
do a job is the correct way to doit. In addition, the plant 
safety department has available at all times a full line of 
safety shoes, safety glasses, goggles and other safety 
equipment designed to offer the greatest possible pro- 
tection for each job. The Safety Department cooperates 
with supervision in a continuous campaign of safety edu- 
cation, hazard elimination and other measures to make 
the plant a safer place in which to work. 

The combination of training and safety activities has 
resulted in a well-trained, versatile, safety-minded and 
resourceful crew of maintenance workers. 

These activities contributed greatly in a recent major 
maintenance performance of which we are all proud—the 
installation of a new headbox weighing 78,000 Ib, de- 
signed for increased production on one of the paper ma- 
chines. This job was completed a day ahead of schedule 
without a ingle accident. 

The things that we have done with cutting and welding 
in our maintenance work could not have been accom- 
plished, however, without the progressive leadership and 
encouragement of the men who make up the management 
of Union Bag. Our organization is constantly striving 
for improvement in machines, equipment, methods and 
men. We feel fortunate to have such leadership. 


Summary 


To summarize, the cutting and welding activities which 
have been described have contributed to lower mainte- 
nance costs and to increase quality and quantity produc- 
tion. It is true that the equipment and procedures men- 
tioned are used in a large plant, but we believe that these 
can be applied to any plant with proportionate good re- 
sults. In our own case, it has taken lots of hard work and 
study; the application of machines, equipment and meth- 
ods to suit our needs; and the development and protec- 
tion of our men—all with the full support and encourage- 
ment of management. We believe we have made prog- 
ress, but we know there is much still to be done—as new 
techniques are developed and proved, Union Bag will use 
them. 
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Field-Erected Storage Tanks of Aluminum’ 


By Fred L. Plummer't 


For many years it has been found economical to construct aluminum tanks for the storage of various 


chemicals. 


bled by gas welding of butt joints. 


Such tanks have usually been constructed of type 2S or 3S aluminum and were assem- 


Because of the relatively low strength of welded aluminum 
sheets most of these tanks were small and had self-supporting dome roofs. 


There is now great in- 


terest in the possible use of combined aluminum and steel tanks for the storage of crude oils having 


high sulphur content. 
corrode very rapidly. 


The roofs and roof supports of steel tanks used to store such sour crude oils, 
In addition there is an ignition and explosion hazard from spontaneous com- 


bustion resulting from the oxidation of sulphur compounds in the presence of iron compounds 


(rust). 


have great economic advantages. 


Thus a steel tank with roof, roof supports and possibly the top shell ring of aluminum would 
In such a tank it is necessary to prevent galvanic action at con- 


tact surfaces between steel and aluminum. Roofs of aluminum will deflect more than steel roofs due 
to lower modulus of elasticity of aluminum. Provision must be made for different coefficients of ex- 


pansion during erection. 


Use of the inert-gas-shielded tungsten-electrode arc welding permits the 


use of lap joints welded without flux. Field welding by this process requires special equipment. 


Aluminum Alloys and Their Properties 


LUMINUM and its many alloys con- 

stitute a very versatile group of me- 
tallic materials having a wide range of de- 
sirable physical and chemical properties. 
The economic use of an aluminum alloy 
for field-erected storage and process ves- 
sels is usually largely determined by a con- 
sideration of only a few of these various 
properties. 


Weight, Thermal and Electrical Properties 


Aluminum alloys weigh about one-third 
as much as steel. This weight advantage 
is of great importance in selecting ma- 
terials for trucks and other mobile equip- 
ment where the cost of power becomes 
significant. For storage tanks lighter roofs 
result in some savings in roof supports. 
Freight costs are lower. The lighter pieces 
must be handled more carefully in the 
fabricating shop and during field assembly 
and therefore handling costs are about the 
same. : 

Both the thermal conductivity and 
electrical conductivity of aluminum al- 
loys are high. As a consequence much 
aluminum is used for power transmission 
cable and other electrical purposes, and 
for cooking utensils, food processing 
equipment and parts of internal combus- 
tion engines. These properties are usually 
of little significance in connection with 
storage tanks except as they influence 
fabrication processes such as welding. 

The coefficient of thermal expansion 
of most aluminum alloys is approximately 
two times that of steel. Because of this, 
distortion effects, resulting from the heat 
of welding, may be more severe in alumi- 
num alloy than in steel plate vessels. 
This difference in expansion coefficients 
must be carefully considered when alumi- 
num and steel or other metals are used in 


* Scheduled for presentation at Twenty-Ninth 
Annual Meeting, A.W.S., Philadelphia, Pa., week 
of Oct. 24, 1948. 

t Director of Engineering, Hammond Iron 
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complete structures. With proper design 
such composite structures have been found 
to perform in a satisfactory manner. 
Aluminum is a nonsparking metal. 
This property becomes important when 
considering storage tanks for explosives 
such as nitroglycerin and for many 
petroleum and chemical products. 


Working and Assembling 


It is relatively easy to shape and work 


aluminum by all of the usual shop fabri- 
cating processes with the exception of 
flame cutting. Aluminum alloys can be 
cut with a burning torch; however, it is 
usually necessary to make the cut some 
distance from the desired finished edge 
and complete the cut by some other 
method. 

Vessels constructed of aluminum alloy 
plates can be assembled by bolting, 
riveting or welding. The physical proper- 
ties of some of the aluminum alloys are 
improved by heat treatment and cold- 
working. If plates of these alloys are 
assembled by welding the improvement 
in properties over the annealed condition 
may be lost due to the heat of welding. 
Aluminum alloys can be fusion welded 
by most of the commonly used com- 
mercial methods including gas, metal 
are, carbon arc, atomic hydrogen and 
the now popular inert-gas-shielded tung- 
sten-electrode arc. Electric-resistance 
welding in its various forms can also be 
used. In the construction of field- 
erected storage and process vessels of 
aluminum, gas welding has generally been 
used. It now seems probable that weld- 
ing with inert-gas-shielded tungsten-elec- 
trodes may be generally used, thereby 
eliminating the necessity of using a weld- 
ing flux and permitting welding in any 
position. Aluminum alloys 2S, 3S, 61S 
and 52S are most readily fusion welded. 


Mechanical Strength 


The moduli of elasticity of the various 
aluminum alloys are each equal to 


slightly more than one-third that o 
steel. Thus for a given unit stress, 
elastic deformations, including the de 
flection of members subjected to bending 
moments, will be correspondingly greater 
For typical cone roof storage and process 
vessels deflection of the roof and stretch 
of the vessel walls do not result in critical 
effects. Therefore, in general, this lower 
modulus of elasticity does not creat 
serious design problems. In certain cases 
and especially in composite structures, 
it may become necessary to consider the 
larger deformations which result from 
the use of aluminum alloys. Since the 
critical strength of slender compression 
members is a function of the modulus 
of elasticity of the material rather than 
its crushing strength, it is more difficult 
to select economical sections for long 
columns such as those required for large 
storage tanks if a material having « low 
modulus of elasticity is used. 

The mechanical strength properties of 
the various aluminum alloys cover 
very wide range with some of the alloys 
having ultimate tensile strength equal to 
or even greater than 80,000 psi. For 
most of the high-strength alloys (not 
including 17S-T6 and 24S-T6) the yield 
strength as determined by the ‘(2 
offset” method will equz] more than 
85% of the ultimate tensile strengtl 
The elongation of the high-strength 4l- 
loys is relatively low. Alloy 35 1s 4 
general-purpose wrought-aluminum alloy 
that has been used for many relatively 
small, field-erected storage tanks. Alloy 
3S-F (as fabricated) or 3S-O (ann iled 
will have an ultimate minimum tense 
strength of at least 14,000 psi., a yield 
strength of perhaps 5300 psi. and a high 
per cent elongation. This same terial 
when strain hardened may have a tensil¢ 
strength of 29,000 psi. and a yield strength 
of 26,000 psi., with elongation of 1U'o 
or less in 2 in. When assembled ‘by 
welding it is safe to use the values listed 
above for the annealed condition. 
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nitrogen and air-oxygen exchanger built 
by The Stacey Bros. Gas Construction Co. 
This vessel is 13 ft. long and has an inside 
diameter of 23 in. The shell thickness is 
1/, in., the heads consist of 1-in. thick 
plate, and the exchanger is fitted with 
tube sheets 2 in. thick and with 344 
three quarter in. O.D. tubes. The entire 
assembly consists of aluminum alloys con- 
nected by argon-shielded tungsten-elec- 
trode arc welding. 


Fire Resistance 


Because of the relatively low melting 
point of aluminum alloys, fire departments 
of municipalities in the Los Angeles area 
and elsewhere have questioned whether 
these materials should be used for the con- 
struction of all or parts of oil storage tanks. 
During March 1948 the Inglewood, Calif., 
Fire Department arranged for a fire test in 
a small, open-top tank constructed of 
Reynolds Metal Co. aluminum alloys 


- Fig. 1—Combination Air-Nitrogen and Air-Oxygen Exchanger Built of Aluminum R361W for shell and R350H for bottom. 
1e Alloy Plates from '/; to 3 in. Thick In this test the tank shell at and below the 
x- liquid level did not fail; however, the shell 
le Alloy 61S-T6, which is recommended mining the proper design stress for welded above the liquid level burned away to 


t. for larger welded tanks, has an ultimate tanks subjected to elevated temperatures: within about '/; in. of the oil level on the 
tensile strength of 45,000 psi. and yield Temperature, ° F. 100 150 200 300 400 500 600 700 
that of trength of 40,000 psi. before welding. Factor K 1.00 0.90 0.838 0.695 0.525 0.37 0.25 0.18 7 . 
it stress JE ates of different thicknesses assembled Design stress values such as those noted downwind side and to within about 6 in. of ry ; 
the de. fe’y welding will have the following ap- above are used for temperatures up to the oil level on the windward side. Thus, <a 
© bending ME proximate strength values: 100° F. For higher temperature ranges while there was no indication of danger of Or 
Y greater release of the the liquid by bursting of the Q 
process tank, there was less safety against ‘‘boil - 
d stretch over” of those products subject to this 
in critical Plate Thickness, In. Tensile Strength, Psi. Yield Strength, Psi. effect. Such “‘boil over” waves may result - 
his lower fs 32,000 22,000 if a mass of hot oil comes into contact with <r 
mt create ls 30,000 20,000 water which might have collected in the q 
ain cases /s 28,000 18,000 bottom of a tank, changing some of this ae 
ructures, — water into steam and creating a volume of 
ny the froth 1700 times greater than that of the = 
storage and process vessls multiply these stress values bythe proper” 
of steel plates, various standard value of K. The codes for pressure vessels ten oils heat is 
modules odes permit a basic design stress in do not permit aluminum vessels to be down into the oil § - . distance to a ~t4 
tensile strength of the plate materia F. 
livided by a nominal factor of safety, F. Aluminum alloys do not become brittle 
The following list gives typical values for at low temperatures. Test reports! have that 4 
ig a low rq been published for values of ultimate ten- comparable to steel in fire resistance”’ and ld 
suggested that its use be limited to oils 
rties of — having a high flash point and those in a 
‘over a Code F which “heat waves and slop-over or serious wid 
whee ig All-Welded Oil Storage — 2 62 frothing is not to be expected,” and to rela- 
rage WWA. Elevated Steel Water Tanks, Standpipes and Reservoirs 3.67 tively small tanks. The report recom- 
1 f \.P I.-A.S.M.E. Unfired Pressure Vessels 4.00 mends that aluminum alloy tanks, if used 
net \.S.M.E. Unfired Pressure Vessels (U68-U69) 5.00 for crude oil service, be located ‘‘where 
early boilovers are not likely to jeopardize 
/ important values,’”’ and that they be 
rength Using these same factors the corre- ‘sile strength, per cent elongation and ‘Te pre- 
gth al- Ra basic design stress for welded Charpy impact energy for aluminum welds viously Seentead have been verified by 
ie e: id a = hua alloy 3S made in Alcoa 3S plates varying in thick- many fire tests made on truck tanks for 
n alloy — von from about 5300 psi. to 2800 ness from */s in. to 2 in. and tested at room gasoline haulage. In each case the alumi- 
atively 1s of alloy temperature and at —320° F. Charpy num aller tanks have remained intact be- 
Alloy eee from about 12,000 psi. to impact tests were reported for parent me- low the liquid level. Above the liquid 
nealed) i ol: Fe Psi., depending to some extent upon tal, all weld metal and for metal from the level, the metal was melted if the fire was 
tensile plate thickness. As in the case of welded heat-affected zone. Tensile strength was of long duration 
: yield joints in vessels made of steel, a joint found to be appreciably higher (as much as ; : 
1 high pear factor should be used with twice for all weld metal), and elongation Corrosion Resistance 
terial these design stress values. and impact values approximately un- This is the most important single prop- 
tensile Properties at High and Low Temperature changed at the subzero temperature. Be- erty of the aluminum alloys in determining 
rength p j cause of this property, aluminum alloys their economical use under a great variety 
10% : ‘ure aluminum melts at 1220° F. The have recently been specified for use in the of service conditions. A thin, firmly ad- 
d ‘by Pw aluminum alloys generally melt at construction of oxygen-generating plants, herent coat of oxide is formed over the sur- 
listed slightly lower temperatures in this same where they are subjected to service stres- face of aluminum, preventing further 


general range. The following values of a 


ae ses at very low temperatures. 
actor ““K”’ have been suggested for deter- 


Figure 1 


shows a shop fabricated combination air- 
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action of many chemicals. Resistance to 
corrosion is a relative term. It will of 
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course vary for different conditions of ex- 
posure. Aluminum alloys have been used 
effectively for storing concentrated nitric 
and acetic acids, hydrogen peroxide and 
gaseous compounds of sulphur. Since the 
aluminum salts have no harmful action on 
the human system it is widely used in the 
processing of foods and beverages. The 
compounds formed by superficial attack of 
many chemicals are colorless. Hence, 
aluminum is used for the processing of 
gums and resins used in clear varnishes and 
lacquers, and in the manufacture of rayon 
where compounds of sulphur are generally 
used. 

As noted, aluminum, which is a highly 
electronegative metal owes its corrosion 
resistance to an oxide film. If this oxide 
film is continuously destroyed, the alumi- 
num will be deprived of its corrosion re- 
sistance. Thus, aluminum and aluminum 
alloys are generally not resistant to strong 
alkalies, strong mineral acids and chlorides 
which create conditions which result in the 
destruction of this oxide film. Similarly, 
aluminum might not be satisfactory in any 
service where the oxide film is constantly 
removed by erosion or abrasion. 


Galvanic Corrosion 


Aluminum is anodic to many other met- 
als, and will suffer electrolytic attack if an 
electrolyte is present and the aluminum is 
in contact with a heavy metal such as cop- 


per, brass, tin, lead or steel. A solution 
containing salts of such heavy metals can 
result in a similar condition if permitted to 
come in contact with aluminum. If steel 
and aluminum are used in the same struc- 
ture, it is necessary to avoid direct contact 
of the two metals in order to be sure that 
galvanic action is prevented. In neutral 
or slightly acid solutions zinc is anodic to 
aluminum and is sometimes used to pro- 
tect aluminum from corrosive attack. 
Pieces of the metal are mechanically at- 
tached to the aluminum at points below 
the surface of the liquid. 


Aluminum in Chemical and Process Tanks 


Many relatively small field-erected 
tanks have been constructed of aluminum 
alloys for the storage of chemicals such as 
acetic acid, hydrogen peroxide, ammonia, 
formaldehyde, glycerin, hydrocyanic acid 
and some of the fatty acids such as stearic 
and oleic. As previously indicated many 
aluminum process vessels, usually shop 
fabricated, have been used in the prep- 
aration or processing of foods, dairy prod- 
ucts, textiles, soaps, cosmetics, paints, 
explosives and brewery products. 


Typical Installations 


The following list includes a number of 
typical installations of field-erected welded 
tanks constructed of aluminum alloys. 


ing the possibility of flux being trapped be 
tween lapped plates. 
Figure 2 shows aluminum alloy tanks 
22 ft. in diameter and 30 ft. high, oon 
structed by a chemical company to sen 
80,000 gal. each of a chemical that must be 
keptwaterwhite. These tanks were erectes 
in 1938, the roof and two top rings 
the shell forming a subassembly which was 
erected as a single piece. The final girt} 
seam was welded from wood scaffolds sup. 
ported from the ground and unattached te 
the tank. The roof and bottom plates 
were flanged so that all joints were byt; 
welded using the gas-welding process, 


Figure 3 shows a battery of aluminum 
alloy tanks constructed for the Niacet 
Chemicals Corp. at Niagara Falls. Thy 
four smaller tanks are 15 ft. in diameter 
and 30 ft. high, whereas the larger tank 
and a duplicate which does not appear jn 
this picture are 30 ft. in diameter and 30 ft 
high. These tanks were built in 1934 and 
1935, the construction details being simi 
lar to those described for the tanks shown 
in Fig. 2. The tanks are used for the stor 
age of glacial acetic acid and are reported 
to be in excellent condition after 13 years 
or more of service. 


Figure 4 shows a Dorr Tray Thickener 
6 ft. in diameter and 17 ft. long, with three 
trays and alaunder. This vessel was shop 
fabricated by The Hammond Iron Works 
for installation by The Dorr Co. at th 
Norton Co. Plant at New Castle, Mass 
All plates are Alcoa 3S aluminum alloy 
3/1, in. thick. The shell plates are joined 
by butt joints welded from both sides, the 
edges of the plates being “knurled” (with 
grooves about !/1. in. deep and spaced on 
3/,s-in. centers) in order to help eliminate 
shrinkage distortions. The manholes were 
constructed by flanging the shell out 1'/, 
in. and flanging in the manhole flange the 
same amount and connecting with a single 
butt weld. The tank bottom was flanged 
up and attached to the tank shell with a 
butt weld. The trays were lapwelded to 
shelf angles which were attached to the 
tank shell by fillet welds. No preheating 


Diameter, 

Company 
Niacet Chem. 
Niacet Chem. 
Darling & Co. 
Std. Oil N. J. 
Am. Viscose 
Shell Chem. 
Sinclair Refining Several 
Carbide & Carbon Ss 
Carbide & Carbon Several 
Carbide & Carbon Several 
Am. Viscose 4 
Celanese Corp. 2 


Constructed 
Niagara Falls 1934 
Niagra Falls 1935 
Chicago 1936 
Bayway, N. J. 1936 
Meadville, Pa. 1937 
1938 


Texas City 1942 
Charleston, W. Va. 1942 
Whiting, Ind. 1942 
Meadville, Pa. 1947 
Bishop, Tex. 1948 


Although complete records are not avail- 
able, it is believed that aluminum alloy 
plates 2S or 3S were used in the construc- 
tion of all of these tanks and that, with one 
exception, all were assembled by gas weld- 
ing, using a suitable flux. The tanks have 
self-supporting dome roofs which require 
no internal supports. Lap and tee joints 
which require the use of fillet welds were 
generally avoided and butt joints were 
used wherever possible, thereby eliminat- 
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was done. All welding was done with 4 
tungsten-electrode, argon-gas_ shielded, 
using 2S aluminum alloy filler rod. Since 
no flux is required when welding by this 
method lap joints may be used if econom! 
cal. 

Figures 5-7 show views of two aluminum 
tanks constructed by the Celanese Corp 
at their Cemcel Plant at Bishop, Te. 
The tanks were erected by Wyatt Metal 
and Boiler Works. These tanks, which 
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sere completed early in 1948, are used for 
the storage of acetic acid. They are 38 ft. 
a diameter and 24 ft. high, with a storage 
apacity of 200,000 gal. each. All plates 
re of 3S aluminum alloy, used as-rolled 
“ith H12 to H14 hard temper. Plate 


‘hicknesses in inches are as follows: bot- 


‘om #/s; shell first ring '*/32, second ring 
the and third ring 5/16; roof °/;.. 

Figure 5 shows a general view of the two 
tanks completed ready for service. An 
umbrella type of self-supporting roof is 
sed, the individual sketch plates being 


Fig. 3—Aluminum Alloy Tanks for Storing Glacial Acetic Acid 


Fig. 4—Dorr Tray Thickener Built of 
Aluminum Alloys 
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rolled in the radial direction and flanged at 
the shell for lap welding to the shell top 
angle. This angle is made of 61S-T alumi- 


num alloy. The shell plates were all 
double beveled for butt welding. The tee 
joint used to connect the shell to the bot- 
tom plates is clearly shown in Fig. 6, 
which also shows a manhole and anchor 
bracket. Note that the details for the 
manhole are similar to those normally 
used for tanks constructed of steel Fillet 
welds were used to connect manhole flange, 
neck, reinforcing plate and tank shell. It 


tached to the shell of the tank. Note th® 
tie down cables used to keep the tank shel 
round and prevent damage from winds. 
Welding leads can be seen passing through 
the manhole located in Ring 1 of the tank 
shell. All welding was done by the argon- 
shielded tungsten-electrode arc-welding 
process. 


Aluminum in Petroleum Storage Tanks 


Storage of Sour Crude Oils 


In an article? published in June 1948, 
F. A. Rohrman states as a conclusion that 
‘the cost of corrosion in the petroleum in- 
dustry goes far beyond the cost for replace- 
ment, repair and maintenance. It is diffi- 
cult to say what extra charge for gasoline 
or fuel oil is made because of corrosion but 
there is a good reason to believe that it is 
close to 10%.” In this same article he 
states that an average sour crude oil will 
destroy an unprotected steel tank in from 
3 to 10 years of service. E.Q. Camp, ina 
paper® presented before the 1947 Annual 
Meeting of the American Petroleum Insti- 
tute, states that “‘the roofs of tanks in sour 
crude service have a life varying from 
about 5.3 to 11.6 years, with 8.7 years 
being the average life. The roofs of tanks 
in sour-distillate service have a life from 
3.8 to 14.3 years, with an average life of 
7.9 years.”” He points out that the service 
life of such tanks can be increased by any 
of the following methods: (a) use of 
heavier steel construction, (b) use of alumi- 
num, (c) use of protective coatings such as 
galvanizing, gunite, paints and plastics or 
(d) caustic washing. 


Fig. 5—Aluminum Alloy Tanks Welded by Argon-Shielded Tungsten-Electrode Arc 


Process 


is probable that these welds were made 
down hand before the shell plate was erec- 
ted in its final position. The anchor brack- 
ets were attached after the shell plates 
were assembled, thus requiring the side 
welds to be made in the vertical position. 

Figure 7 shows one of the tanks during 
the construction period. The shell plates 
were assembled and held in position with 
finger pins. At the time this picture was 
taken, the vertical seams for the first two 
rings of the shell were all welded and about 
one half of the girth seam had been welded. 
Wood scaffolds inside and outside the tank 
shell were supported from the bottom of 
the tank or the ground and were not at- 
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“Sour” crude oils contain a relatively 
high per cent of sulphur and sulphur com- 
pounds. The rapid corrosion of the roofs 
and upper shell courses of steel tanks used 
for the storage of such high sulphur crude 
oils, is due to the action of hydrogen sul- 
phide, oxygen and water. Sour crude oils 
are now being produced in most of the 
major oil producing centers throughout the 
world. Thus the storing, handling and 
processing of such oils create one of the 
most critical problems which the petro- 
leum industry must solve. In addition to 
the serious problem of corrosion, the oxi- 
dation of sulphur compounds in the pre- 
sence of iron compounds produces heat 
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Fig. 6—Manhole, Bracket and_ Shell to Bottom Joint of Welded Aluminum Tanks 


which creates an ignition hazard through 
spontaneous combustion. Several in- 
stances of fires resulting from this action 
in steel tanks used for storing sour crude 
oil have been reported. 

Since aluminum and its alloys are highly 
resistant to the corrosive action of hydro- 
gen sulphide at temperatures below 250° 
F., their use for the roof and possibly for 
the upper shell courses of sour crude oil 
storage tanks will eliminate this ignition 
hazard and insure a long service life for 
these portions of the tank. Because of the 
relatively high cost and low strength of 
welded aluminum alloy tank shells, it is 
more economical to use steel for all but the 
upper one or two courses of such tank 
shells. The lower courses are much less 
subject to corrosive attack by sulphur 
compounds. The bottom and the first 
course of the shell of such tanks are often 
subject to corrosive attack by brines and 
impurities which settle out of the crude 
petroleum. Since aluminum alloys may 
not be much more resistant than steel to 
the corrosive action of brine, it is also more 
economical to use steel for the tank bot- 
tom. Thus a combination tank having 
bottom and shell of steel and roof (with 
possibly the upper part of the shell) of an 
aluminum alloy offers a possible economic 
solution of the problem of storing petro- 
leum products with high sulphur content. 

In 1929 Stanley Gill discussed‘ the use 
of aluminum alloys in the oil industry and 
described an early test of bolted aluminum 
tanks conducted by Gulf Producing Co. 
in Texas. The U. S. Bureau of Mines 
issued two reports’ in 1931 describing 
tests made on the use of aluminum for oil 
lease tanks, under the joint sponsorship of 
the Bureau, the State of Oklahoma, the 
Aluminum Company of America, the Gulf 
Oil Corp., and the omamann Rig and 
Reel Co. 


Galvanic Action Between Steel and Alumi- 
num 


In a tank constructed of a combination 
of steel and aluminum alloy plates and 
shapes it is essential that direct contact of 
the two metals be avoided at points where 


they are joined, in order to eliminate the 


possibility of galvanic corrosion of the 
aluminum alloy. If possible the two met- 
als should be joined so as to avoid flat sur- 
faces or pockets where dirt and moisture 
might collect, increasing the possibility of 
galvanic action. Since aluminum alloys 
and steel cannot be welded together be- 
cause of the wide difference in their melting 
points, joints must be bolted or riveted. 
In the shipbuilding industry ‘‘Fairprene” 
P.A.W. tape has been widely used as a seal 
between steel and aluminum alloy plates 
for the prevention of galvanic corrosion and 
to provide waterproof joints. This tape 
consists of a relatively thin strip of syn- 
thetic rubber of the neoprene type coated 


with a suitable adhesive. The adhesiy 
normally used on this product js not r 
resistant. Therefore it is not recom, 
mended for use on oil storage tanks 
neoprene sheet material without idhesiyg 
is suitable for such service. a strip ' 
or less in thickness being inserted betwee, 
the steel and aluminum alloy plat. s wher 
they are joined by bolted or riy, ted lay 
joints. A caulking compound sold | unde 
the trade name of ‘‘Alumilastic’ 1 avail 
able in seven standard consistencies, hy. 
been recommended as a suitable seal pe 
tween dissimilar metals. Consistency | 
with zinc chromate added, can pplie 
with a brush but may prove to be too lig! 

body to produce a well-packed join; 
unless the worker is very careful to app), 
the material uniformly and to not brush }; 
out so thin that the joint is not well fille 
when drawn. To secure a lasting, tight 
void-free joint it is recommended tha; 
enough of either consistency CB or C }y 
applied to one of the faying surfaces wit} 


it} 
Wii 


a caulking gun so that a small amount wil] 
extrude at the edges when the joint ; 
drawn by bolting or riveting. In son: 
installations a strip of soft aluminum plat: 
has been inserted and caulked in such 
joints; however, it is believed that eithe 
of the procedures just suggested will pro 
duce a better and more economical joint, 
free from danger of serious galvanic cor 
rosion. 


x in 


Aluminum Roofs on Bolted Tanks 


Aluminum roofs have been used on 
many bolted steel tanks furnished in ac- 
cordance with A.P.I. Standard No. 12-8 
by such companies as Butler Manufac 
turing Co., Maloney Crawford Tank and 
Mfg. Co., National Tank Co. and The 
Parkersburg Rig and Reel Co. In most 
cases 0.144 in.-thick 3S aluminum alloy 
sheets were substituted for the 12-gage 
steel sheets normally used and structural 
roof supports of equivalent strength mace 
of 61S-T aluminum alloy replaced the con 
ventional steel rafters. The usual methods 
of fabrication, including punching, curving 
and flanging, were employed without any 
difficulty. In a few cases aluminum alloy 
bolts have been used. However, these are 
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Fig. 7—Field Erection Procedure for Welded Aluminum Tank 
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latively expensive and some troublé with 
the bolts being twisted off in tightening has 
een reported. Galvanized steel bolts are 
generally used. Rubber gaskets are used 
n all joints of bolted tanks and these seem 
+) be adequate to prevent galvanic action. 
\]| of the companies noted above have re- 
sorted no difficulties with galvanic cor- 
sion. Welding used in connection with 
sich tanks is only for manhole domes 
ind similar fittings and occasionally for 
rafter rings. 


‘luminum Roofs on Riveted Tanks 


During the period from 1928 to 1946 a 
relatively large number of riveted alumi- 
1um roofs were installed on riveted steel 
tanks, in most cases replacing steel roofs 
vhich had been destroyed by corrosion 
wused by vapors from sour products 
stored in the tanks. The Texas Co. has 
two tanks 30 ft. in diameter by 12 ft. high 
used in steam still rundown service with 
\0 gage B and S aluminum roofs installed 
n 1936 and two similar tanks 42 ft. in di- 
meter by 15 ft. high used in sour naphtha 
rundown service with !/s-in. thick alumi- 
num roofs installed in 1938. The'alumi- 
num roof sheets are riveted to each other 
ind to supporting steel channel rafters 
located on the outside of the tank. At the 
shell the aluminum sheets are riveted to 
shell top angle which is made of steel and 
no gaskets or other protecting seal material 
yas placed between the aluminum sheet 
ind the steel angle. The products stored 
in these tanks come from West Texas-New 
Mexico crude oils. As of late 1947, it was 
reported that there was no evidence of gal- 
vanic corrosion taking place between the 
dissimilar metals nor had there been any 
thinning or weakening of the roof. Alumi- 
num rivets were used and some difficulty 
was experienced due to stretching of the 
rivets attaching the roof sheets to the bot- 
tom flange of the outside roof rafters. 

Figure 8 shows two 20 ft. in diameter by 
18 ft. high tanks used for the storage of 
naptha distillate by one of the large oil 
ompanies operating in Cuba. Aluminum 
roof sheets were used to protect the stored 
material from contamination caused by 
the formation of iron sulphide in tanks 
roofed with steel. The tank shell, top 
angle and the supporting rafters, located 
on the outside of the roof, were of steel. 
The parts were assembled by riveting, the 
construction being similar to that just 
described. 

During the years 1928 to 1935 the Hum- 
ble Oil and Refining Co. installed alumi- 
num roofs on 8 steel tanks 30 ft. in di- 
ameter and 10 ft. high, and on 19 steel 
tanks 43 ft. in diameter and 10 ft. high, all 
being located at their Baytown Refinery. 
These were all rundown tanks and were 
used for a variety of stocks. The con- 
struction was similar to that described 
above and shown in Fig. 8. The writer 

understands that, in general, no special 
precautions were taken to prevent galvanic 
corrosion between the two dissimilar met- 
als, although one report indicates that soft 
aluminum strips were used between the 
steel top angle and the aluminum roof 
plates on some of the tanks. As of late 
1944, after most of these tanks had been 
in service for 10 years or more, it was re- 
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ported that the aluminum roof plates 
themselves had effectively resisted cor- 
rosion by the sulphur vapors but that 
localized galvanic corrosion had occurred 
where the aluminum plates were in con- 
tact with steel. The tank top angle was of 
steel and it was at this connection that the 
corrosion was most severe. An outside top 
angle was used and as a result there was a 
recess or pocket which would tend to trap 
condensation running down the inside of 
the roof sheets and thereby create a condi- 
tion favorable to galvanic corrosion. Cur- 
rent recommendations avoid this type of 
connection detail. The Humble Oil and 
Refining Co. reports favorable results for 
steel roofs protected with reinforced gun- 
ite. 

Figure 9 shows an aluminum floating 
roof fitted in a 60-ft. diam. steel tank at a 
refinery of one of the major oil companies. 
This roof was installed in 1932. The tank 
and roof were dismantled in 1940 to pro- 
vide for plant expansion, the aluminum 
being in excellent condition at the end of 
this eight year period of service. An 
aluminum floating roof of special welded 


Fig. 8—Aluminum Roofs with Outside Steel Rafters 


design is now being constructed for the 
Shell Oil Co. in Texas. 

The Sinclair Refining Co. reports the 
construction of several small (10 ft. 6 in. 
diam. by 18 ft. high) all-aluminum tanks 
built of #/;s- and '/,-in. thick material con- 
forming to 2S-O specifications. These 
tanks were used for storing fatty acids. 
The tanks were designed for riveted con- 
struction but it was found that driving 
rivets enlarged the holes in the softer plate 
and made it impractical to obtain tight 
joints. As a result the plate edges were 
sheared off and the tanks were assembled 
by welding. 

Figures 10 and 11 show one of the largest 
and most recent installations of a riveted 
aluminum roof on a steel tank. This roof 
was fabricated by the Graver Tank and 
Mfg. Co. and erected by the Steel Tank 
Construction Co. for the Gulf Refining Co. 
at their Sour Lake Tank Farm near Beau- 
mont, Tex. This is a 55,000 bbl. steel tank 
having an inside diameter of 114 ft. 67/, in. 
at the top angle. The top angle (3 x 3 x 
3/, in.), rafters (7-in. channels), rafter 
clips, girders (15-in. channels built of two 


Fig. 9—Aluminum Alloy Floating Roof 


ALUMINUM STORAGE TANKS 


801 


be 
it] 
wit 
ry 
| 
d on 
ac- a 
12-B <7 
ck 
ufac 
and 
The - 
=f 
< : 
=A 
Z h 
pa i io : 


3- x 3- x 3/s-in. angles and a */s-in. plate, 
14'/, in. wide), splice plates, center col- 
umn cap ('/2 in. thick) and roof plates 
(5/32 in. thick) were all made of Alcoa 61S- 
T6 alloy. The tank shell and bottom, and 
the columns including top bearing plates 
are steel. A '/s-in. thick strip of 2S alloy 
was inserted between the inside aluminum 
top angle and the steel shell plate, the two 
being riveted together with !/2-in. diam. 
aluminum rivets. This soft strip was 
caulked in order to prevent liquid from 
entering this connection and accelerating 
electrolytic action. A '/,-in. strip was 
similarly used between the steel shell and 
the rafter clip connection. The ends of the 
top angle pieces were butt welded using 
the argon-shielded tungsten-electrode arc- 
welding process. Strips of 2S alloy, !/, in. 
thick, were placed between the column top 
bearing plates and the aluminum girders 
and the aluminum center column cap 
plate. The roof plates were assembled 
with aluminum rivets, the rafters and 
girders being field assembled with alumi- 
num bolts. 

In order for shop-fabricated aluminum 
parts to fit properly in a steel shell in the 
field it is essential that the temperature of 
the parts when layed out in the shop be 
essentially the same as when they are 
erected in the field or that the difference in 
temperature be estimated and a correction 
made to compensate for the difference in 
coefficient of thermal expansion for the two 
materials. It is understood that part of 
the erection of this tank was done at night 
because of the large difference in air tem- 
peratures in Chicago where the roof was 
fabricated and in Texas where it was 
erected. No difficulties due to differential 
expansion properties of the steel and alumi- 
num have been reported since the roof was 
installed and the tank placed in service. 
Details of the roof construction can be 
noted in Fig. 11, and the general layout of 
the roof and roof supports is clearly shown 
in Fig. 10. As of early 1948 after the tank 
had been in service for about two years it 
was reported that the roof appeared to be 
in good condition and that the operating 


Fig. 10—Large Steel Tank with Riveted Aluminum Roof 


staff had not observed any trouble of any 
kind. 


Field Welding of Aluminum Roofs 


*» Until recently it has not been considered 
practical to attempt to weld the seams of 
aluminum roof plates on large field-erected 
storage tanks. The problems of flux re- 
moval and flux contamination have largely 
precluded the use of gas welding. arc 
welding with flux-coated metal rods and 
similar welding procedures. Recent de- 
velopments in the use of the inert-gas- 
shielded tungsten-electrode arc-welding 
process have progressed to a point where 
this can be considered as a possible practi- 
cal and economical method of field-welding 
aluminum roof plates. No welding flux is 
used and there is therefore no danger of 
flux contamination and no cleaning opera- 
tions are required. G. O. Hoglund® states 
that this ‘‘is the only method that is suit- 
able for making fillet and butt welds in the 
overhead position. Position welds in a 
vertical plane can be made more easily and 
uniformly by this method than by any 
other welding method.” The resulting 


welds are sound and have excellent me- 
Alternating-current 


chanical properties. 
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Fig. 11—Aluminum Alloy Roof Plates and Supporting Members 


are in argon gas is recommended for wel 
ing aluminum. Standard equipment j, 
cluding a.-c. welding transformers con 
bined with high-frequency are stabilizer: 
water-cooled welding torches, argon regy 
lators and flowmeters, and other auxiliary 
equipment, is available from several manu 
facturers. At least one manufacturer now 
supplies equipment suitable for use in th 
field where a central electric power sourc: 
is not available, and another company 
builds an engine-driven generator whic! 
supplies power to equipment similar t 
that used in the shop. 

In describing the welding techniqu 
Hoglund points out that it is necessary 
that all welding be performed in an atmo 
sphere of argon. This requirement creates 
a problem in field welding in exposed loca 
tions (and to a less extent in shop welding 
if air currents are created by opening doors 
or otherwise) in shielding the work so as to 
prevent the argon gas shield from being 
blown away. Filler rod‘is added to th 
weld pool in a manner somewhat similar to 
that used in gas welding. The paper by 
Hoglund as well as descriptive literatur: 
available from the manufacturers of equip 
ment, describes in detail the proper tech- 
nique to use in welding aluminum by this 
method. The water-cooled welding torches 
initially made available have been found 
to be relatively fragile and to require 
rather frequent repair and maintenanc 
More rugged units are now being mac 
available. R. Kraus* has reported that 
his company uses machines with up to 
800 amp. capacity for the welding of heavy 
aluminum plates and that they have de 
veloped torches adapted to suit their work 
and manufactured in several sizes. The 
companies manufacturing aluminum al- 
loys have published books covering thc 
welding of aluminum alloys by various 
methods and these contain much valuabl 
information regarding welding procedures 

There have been reports indicating that 
the use of high-frequency stabilizing equ!p- 
ment has resulted in interference with 
radio and directional signals. Therefore, 
some regulations covering the use of such 
equipment may be developed and enforced 
by government agencies. 

Welding specification PV4-46 of Th 


* Welding Engineer, Stacey Bros. Gas \‘ 
struction Co, 
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The 


tinde Air Products Co. gives detailed 
ecomme ndations covering the welding of 
iyminum alloys equivalent to Alcoa 2S, 
.< 59S, 53S and 61S. As previously 
ated, gas welding which requires the use 
fa flux has been generally used for the 

«sembly of tanks made of aluminum when 
att joints can be used throughout. The 
ye of inert-gas-shielded tungsten-elec- 
trode arc-welding eliminates the use of 
aux and makes practical the use of lap 
ints and fillet welds. The use of this 
method of welding for the fabrication of 
the upper shell courses and roofs of field- 
erected tanks involves protection of the 
sork to prevent loss of the inert gas shield 
.nd too rapid cooling of the weld metal due 
to air currents; position welding; use of 
mg leads or supporting the welding and 
vater cooling equipment on the tank roof 
sy as to reach all points on a roof approxi- 
ately 50 ft. high and as much as 150 ft. 
, diameter; use of preheat if plates 
thicker than */s in. must be welded. 

The welding of an aluminum pipe line 
two miles long by the inert-gas-shielded 
tungsten-electrode arc method was re- 
ently completed at Magnolia, Ark.’ 
Problems similar to those listed above, but 
somewhat less critical, were successfully 
net. The 6-in. diam. aluminum pipe of 
\lcoa 63S-T6 alloy had a wall thickness of 
280 in., the sections being 40 ft. long. 
fhe welding unit included a gasoline- 
igine-driven a.-c. welder with built-in 
high frequency, a water circulating system 
for cooling the welding torch and an auto- 
natic magnetic valve for controlling the 
fow of argon gas which was used for 
shielding the weld. A #/;¢ in. diam. filler 
rod of 43S aluminum alloy was used, the 
nds of the pipe being beveled 55° so that 
omplete penetration could be obtained. 

Figure 12 shows a welded aluminum 
roof being installed on a small oil storage 
tank. The top angle, channel roof sup- 
ports and roof plates are all made of Alcoa 
§1S-T6 aluminum alloy, the roof plates 
being */:, in. thick. The top angle is 
riveted with aluminum rivets to the steel 
shell. In order to provide a comparison of 
the resulting galvanic action, if any (1) a 
part of the aluminum angle ring is riveted 
to the steel shell with the two metal sur- 
faces in direct contact (no attempt being 
made to prevent galvanic corrosion), (2) a 
part of the angle ring is separated from the 
steel shell by a neoprene gasket and (3) 
the remainder of the angle ring is separated 


Fig. 12—Aluminum Top Angle and Channel Roof Supports 
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from the steel shell by a layer of ‘“‘Alumi- 
lastic,’’ brushing consistency B and caulk- 
ing consistencies CB and C being used 
for different sections. The roof plates are 
welded to each other and to the horizontal 
leg of top angle with fillet welds, lap joints 
being used. Figure 13 shows an operator 
welding one of the roof seams, using a 
water-cooled tungsten electrode and argon 
gas for shielding the work. A crude port- 
able screen was used to protect the work 
from air currents. The argon flowmeter 
can also be seen in this view. 


Recommended Designs for Aluminum Roofs 


The Aluminum Company of America 
has made a careful study of the design of 
large petroleum storage tanks and has pre- 
pared a series of recommended designs for 
roofs of diameters from 30 to 120ft. These 
designs are the result of an effort to de- 
velop the best and most economical roofs 
possible giving full consideration to past 
experience and making use of the alloys 
and fabricating methods now available, 
The designs are shown on a series of draw- 
ings together with the corresponding bills 
of material, and are available to those 
interested in the installation of aluminum 
roofs. These designs provide for the use of 
top angle, roof rafters and girders, roof 
plates (°/3. in. thick) and miscellaneous de- 
tails, all made of Alcoa 61S-T6 alloy or 
equivalent. The roof plates are joined to 
each other and to the top angle with lap 
joints, fillet welded on the top side only. 
The argon-shielded tungsten-electrode arc- 
welding procedure is specified. 

The top angle is riveted to the steel shell 
with Alcoa 53S-T61 alloy rivets or steel 
rivets may be used. The structural mem- 
bers are field assembled with Alcoa 24S-T 
alloy nuts and bolts with No. 205 Alumi- 
lite finish or galvanized steel nuts and bolts 
may be used. In order to prevent galvanic 
corrosion it is recommended that the 
faying surfaces of the riveted and bolted 
joints be painted with zinc chromate paint 
before assembly and that a '/,-in. thick 
plate of 2S alloy be placed between the 
steel column cap plates and the aluminum 
alloy roof supports which rest on the steel 
columns. 

The Reynolds Metals Co. has also pre- 
pared typical designs for aluminum roofs; 
however, these have not been standarized 
or made generally available. 


tees 


ALUMINUM STORAGE TANKS 


Alcoa 3S alloy or equivalent may be 
used for the roof plates if desired but the 
thickness should be not less than */j¢ in. 
so that the cost is approximately the same 
as for a 5/3-in. thick roof of the more ex- 
pensive and higher strength alloy 61S-T6. 
Steel tanks used to store petroleum prod- 
ucts are usually equipped with conserva- 
tion vents set to open at a pressure of not 
more than 0.85 oz. per square inch, this 
being the approximate weight of #/\.-in. 
thick steel roof plates. If valves set for 
approximately */, oz. per square inch are 
used on tanks with aluminum roofs, the 
roof plates will lift off the supporting raf- 
ters (to which they are not normally at- 
tached) and a slight flexing of the plates 
will result in a mild fatigue effect. Experi- 
ence has not indicated that this effect 
would significantly reduce the service life 
of aluminum roofs. In order to completely 
eliminate this effect, valves set to operate 
at 1/, oz. per square inch or less must be 
used. Some operators have indicated that 
these values fall below the minimum limit 
necessary for practical operation of such 
valves. 

The deflection of aluminum roofs under 
applied loads will, in general, be greater 
than for steel roofs of equivalent strength, 
but such greater deflections would nor- 
mally create no hazard or operating diffi- 
culties. As previously noted steel and 
aluminum alloys have widely different 
coefficients of thermal expansion; how- 
ever, there is no evidence of any damage to 
existing installations of composite tanks 
due to this difference. It is recommended 
that the precautions outlined in the section 
describing galvanic action between stccl 
and aluminum, be followed in order to 
minimize galvanic corrosion. 

Suggested specifications® are available 
and can be used as a guide in designing 
structural members of Alcoa 61S-T alloy 
or equivalent. The unit design stresses 
given in a previous section may be used for 
plates. For shell plates of aluminum alloy, 
3S-F and 61S-T6 or their equivalents are 
recommended. The first of these alloys 
can be economically used in all aluminum 
welded tanks up to a size of about 35 ft. in 
diameter by 20 ft. high. The second alloy 
which has a higher strength, even after 
welding, can be economically used for 
larger tanks. When the upper portion of 
a tank shell and the roof are made of 
aluminum, and the remainder of the tanks 
are made of steel, construction similar to 


2 


Fig. 13—Welding Aluminum with Argon Shielded, Water-Cooled 
Tungsten Electrode 
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that described above may be used. The 
girth joint between steel and aluminum 
plates must be riveted and caulked, and 
suitably protected from galvanic corrosion. 
With some experience the aluminum-to- 
steel joint can be properly and economi- 
cally caulked. 


of high 


Comparative Costs 


Because of the frequent changes during 
the past few years in the unit cost of con- 
struction materials and their handling and 
fabrication, it has been very difficult to 
arrive at fair comparative costs of welded 
aluminum tanks or roofs and other types of 
construction having equivalent service 
characteristics. The writer has recently 
completed an extended series of cost 
studies made in cooperation with the de- 
velopment divisions of some of the major 
oil companies. These studies covered the 
types of construction described in this pa- 


rosion allowance. 


following 


ese Corp.; 
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per and others, including a special light- 
weight construction patterned after that 
used in the airplane industry. 
these studies indicated that for the storage 
sulphur petroleum 
welded aluminum roofs could, under many 
field conditions, compete on a favorable 3. 
economic and service basis with steel 
roofs protected with gunite or other pro- 
tective coating, and with steel roofs having 
the thickness of the plates and structural 
shapes increased to provide added cor- = 
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Flame Hardening Methods and 
Techniques 


By J. R. Burgt 


Types of locomotive equipment that lend themselves to flame hardening are described and why 
flame hardening is chosen as a method of obtaining a hardened surface rather than some other 
mode of surface hardening. The author believes that flame hardening should be a production tool, 
as simple in operation and as dependable as to quality and identity of end product as any other 


machine tool. 


To this end equipment is designed and built for specific jobs, not constructed from 


worn-out lathes and other machine tools which have long since become valueless for the purpose for 


which they were built. 


nomic aspects of the problem will admit. 


Further, the apparatus is made as fully automatic as the technical and eco- 
This method of construction serves two ends: 


It protects 


from spoilage due to human error machined parts which may have considerable acquired value at 
the time of hardening due to previous machine work, and it permits the use of semiskilled labor with 


a consequent reduction of hardening cost. 


NE of the fundamental problems in 
the manufacturing of machinery is 
that of providing against abrasion of sur- 
faces in contact that move relative to one 
other. This abrasion materially short- 
os the useful life of the parts concerned 
nd makes frequent replacements neces- 
ary. The obvious method of attack 
wainst this problem is to harden one of the 
urfaces in contact to enable it better to 
resist wear. 


Two Methods of Surface Hardening 


The various methods of hardening met- 
iis to produce abrasion-resistant surfaces 
ll into two general categories. The hard- 
ening is accomplished either by altering 
the chemistry of the metal by introducing 
lements which unite with substances al- 
ready present to form very hard com- 
junds, or by rearranging the crystalline 
structure of the existing metal by some 
thermal process to create a hard structure 
here formerly a softer one existed. 

Hardening methods which involve a 
change of surface metal chemistry are 
three: case carburizing, nitriding and cya- 
nding. The methods of producing sur- 
lace hardness by simply altering the grain 
structure are flame hardening and induc- 
tion hardening. 

Surface hardening by altering surface 
grain structure is of relatively recent adop- 
tion as a manufacturing tool, but has made 
great strides in the last two decades. 

In choosing a method of surface harden- 
ig many factors, both technical and eco- 
nomic, must be considered. The degree of 
tardness, the depth of case, the size and 
shapx of the piece being hardened, are all 
Primary technical factors. Economically 
the choice rests on the quantity of parts to 
ve hardened and the facilities available. 


Heat and Quench Method 
The “heat and quench” method of sur- 


* Scheduled for Twenty-Ninth Annual Meeting, 
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face hardening is supplanting the case- 
carburizing and cyaniding methods for 
many applications, its appeal resting on 
the short time cycle involved relative to 
carburizing, the simplicity and economy 
of equipment, and the dependability of the 
results. Case carburizing requires large 
furnaces which means a large capital in- 
vestment and expensive maintenance, 
plus the expense of a carburizing medium. 
Further, the time cycle in case carburizing 
is measured in hours, and may exceed 24 
hr. 

The “heat and quench” method, by 
contrast, is a relatively rapid means of ob- 
taining surface hardness. It consists 
basically of heating the surface of a hard- 
enable steel or cast iron to above its criti- 
cal temperature and quenching it in water 
or air to obtain a martensitic structure of 
high hardness. It is quick, clean, economi- 
cal and productive of a variety of results 
as desired. 

In addition to the advantages already 
set forth, flame hardening is very flexible 
in that it can be used to harden any por- 
tion of a surface. To carburize selectively 
requires elaborate preparation. Also, ob- 
jects of a wide variety of size and com- 
plexity of shape can be flame hardened 
which might be difficult to case carburize 
because of furnace capacity. Small quan- 
tities can be flame hardened as economi- 
cally as large, while less-than-furnace 
loads are uneconomical to run. Finally, 
flame-hardening equipment can be set up 
in any convenient location adjacent to 
other operations, whereas carburizing is 
usually done in a heat treating department 
at some distance from machine locations. 
All the foregoing remarks about case car- 
burizing naturally apply to cyaniding and 
nitriding as well. 

The advantages listed for flame harden- 
ing in most cases apply also to induction 
hardening. There is much overlapping of 
the fields of usefulness of the two methods 
and the issue in choosing between them is 
generally one of economics. The choice is 
most clearly defined in the case where the 
quantity of parts to be hardened is very 


large, and the large original investment 
for induction equipment can be amortized 
successfully; or in the case where the ob- 
ject to be hardened is very large, in which 
case flame hardening is probably the only 
applicable method. 


Baldwin Applications 

In The Baldwin Locomotive Works, as 
in the railroad industry in general, flame 
hardening has been extensively adopted 
as a means of surface hardening. In our 
considerations, which will obtain for the 
majority of shops doing similar work, 
flame hardening is indicated for most jobs. 
The apparatus is relatively inexpensive, 
largely constructed in our own shops, so 
the original investment is small. The 
oxygen and acetylene which we use for fuel 
are readily available in all buildings, and 
equipment can be set up at any convenient 
location. Parts can be hardened at sta- 
tions adjacent to other machine opera- 
tions. The equipment can be made suffi- 
ciently automatic and foolproof so that 
semiskilled labor is adequate for operating 
the machines after a short instruction 
period. 

The adoption of flame hardening neces 
sitates, in most cases, the use of a higher 
carbon steel than formerly employed. 
There is only a small price premium at- 
tached to this, however, and the product 
almost invariably benefits from the use of 
a stronger material. 

Machine flame hardening is accom- 
plished by one of three methods: progres 
sive, spinning or progressive-spinning. 
Each method has its applications, and one 
of the methods will be found applicable to 
almost any surface hardening problem 
that may exist. Generally speaking, the 
progressive method is applied to flat sur- 
faces and large, irregular contours, the 
spinning method to small cylindrical sur- 
faces and the progressive-spinning method 
to large cylindrical surfaces. 

The machinery used for flame hardening 
should be designed for a specific job, and 
should not be general purpose equipment. 
On this premise it is usually impractical to 
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Fig. 1—Flame-Hardening Tank Sprockets 


purchase machinery, which, since it must 
be custom built, will inevitably prove 
quite expensive. It is sometimes feasible 
economically and mechanically to alter 
equipment built for one job to do another, 
and in this way the expenditure for new 
equipment can be avoided. In most plants 
the skills and materials are at hand to build 
very creditable apparatus without resort- 
ing to outside sources except for motors 
and valves and items of that sort. 

In addition to being custom built for the 
job at hand—and, incidentally, this does 
not mean elaborately or expensively built, 
but as simply as complete adequacy 
allows—our equipment is made as fully 
automatic as the technical and economic 
aspects of the job admit. Obviously, ap- 
paratus built to harden only a few pieces 
and operated directly under the supervi- 
sion of a well-informed supervisor need not 
be made any more elaborate than the bare 
essentials of the job demand. On the other 
hand, a large volume of repetitive work 
justifies the construction of a fairly elabo- 
rate machine which will be as fully automa- 
tic as possible and leave nothing to the 
discretion of the operator. Control of all 
elements connected with the process can 
be accomplished by mechanical devices if 
that is desirable. The start, stop, speed 
of the work or flame head, and the turning 
on and off of the fuel gases, or any com- 
bination of these factors, can be controlled 
automatically. Full utilization of this in- 
herent potentiality for mechanization has 
two important results: It makes for exact 
reproducibility of product and it mini- 
mizes the possibility of spoilage due to 
human error. An operator can be trained 
in an hour to operate a fully automatic ma- 
chine, since the task is essentially one of 
loading and unloading. 

The fuel gas regulating equipment used 
on our flame-hardening equipment is stand- 
ard, as are the valves and torches. In 
some cases standard flame heads are used, 


but generally it has been found advantage- 
ous to design heads especially for the job 
under consideration. Standard flame- 
hardening heads have been found accept- 
able for flat surfaces and some cylindrical 
surfaces, but there are many applications 
for which they are not adequate. 
Adoption of flame hardening for a part 
formerly case carburized necessitates 
making the part of a hardenable steel. In 
choosing a suitable steel we are guided pri- 
marily by the surface hardness required. 
In many applications the surface hardness 
produced by case carburizing is higher 
than actually necessary, and a realistic 
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survey of the actual requirements wij} in- 
dicate the possibility of reducing Strface 
hardness and still. keeping it within Prac. 
tical limits. It is patently necessary to tise 
a higher carbon steel than would be Used 
for case carburizing, but this imposes y, 
appreciable penalty. In fact, the higher 
core strength resulting from the use of 
higher carbon steel is usually a distinct ad. 
vantage. It has been our experience that 
straight carbon steels in the range of ().49 
to 0.60% carbon flame harden readily anq 
produce sufficiently hard surfaces for 
most any applications. 

Flame hardening has been successfyl}y 
applied in The Baldwin Locomotive Works 
to many locomotive parts on which weay. 
ing surfaces were formerly obtained by 
case carburizing or nitriding. In every jp. 
stance there has been a reduction in cost 
or an improvement in the product. The 
list includes reverse links, reverse link 
blocks, frame stabilizers, guide bars, spring 
hangers, spring links, hand brake bearings, 
hand brake collars, turret rollers, tank 
sprockets and Diesel-engine camshafts, 

All these items have one characteristic 
in common: One or more surfaces are sub- 
ject to wear and must be hard, and vet 
hardening all over is undesirable if not 
absolutely unacceptable. Some of these 
items will be discussed in detail as being 
representative of different methods and 
indicative of the types of objects we think 
it advisable to flame harden. 


al- 


Typical Applications 


Our first venture into flame hardening 
was in connection with sprocket wheels for 
medium tanks. These wheels, a familiar 
sight in all tank arsenals during the war 
were flame cut from S.A.E. 4140 steel, and 
flame hardened to resist wear by the tank 
tracks. The machine devised for this pur 
pose, illustrated in Fig. 1, was similar in 
principle to many used for this job, but 
was much simpler in construction than 


Fig. 2—Flame-Hardening Reverse Link for Walschaert Type Gear 
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most. The sprocket tooth was heated by 
peing held stationary between two flame 
heads for a predetermined interval, at 
ghich time the sprocket tilted automa- 
tically into the water bath over which the 
pparatus was supported, thus completing 
the quenching cycle. Pushing down a 
lever caused the sprocket to index, the 
next tooth to come up to hardening posi- 
jon, and the torches to light. The entire 
machine cost less than $500, yet it was 
most completely automatic, and com- 
oared favorably in volume of production 
with machines costing many times as 
much. 

The steam locomotive reverse link. is 
probably the most universally flame- 
hardened part of a locomotive. Our 
method of attacking this job has been bas- 
ically the same as that of most other 
manufacturers, but the apparatus illustra- 
ted in Fig. 2 is more flexible and simpler to 
operate than most. 

The progressive method is used, the link 
being supported so the wearing surfaces 
re horizontal and stationary, and the 
fame and quenching head, one unit in this 
case, being driven past the surface by a 
chain and sprocket arrangement. There 
ure two somewhat unique features of this 
apparatus. The first concerns the manner 
of driving the flame head. The head as- 
sembly runs on rollers along the edge of the 
tank, propelled by a sprocket engaging a 
‘hain which runs horizontally just below 
the edge of the tank. This sprocket turns 
as an idler when the machine is started 
until a dog on the sprocket engages the 
chain, at which time the head assembly 
starts to move and the hardening process 
begins. By altering this idling period, any 
desired interval of preheat may be ob- 
tained. Consequently, the operator’s 
judgment as to proper preheat does not en- 
ter into the process. At the end of travel 
of the flame head, limit switches cut off the 
gas supply, the acetylene first to prevent 
flashback and then the oxygen. A static 
counterbalance automatically returns the 
machine to the start position and resets the 
preheat timer. 

The other feature of this machine which 
deserves mention is the method of repro- 


Fig. 3—Turret Roller Hardening Apparatus in Loading 
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ducing the arc of the reverse link surface. 
A strip of spring steel is used, supported 
horizontally at the center and pulled down 
into an arc by studs on each end. This 
strip serves as a template to guide the 
flame head. Since it is adjustable as to 
radius of curvature it can reproduce any 
reverse link arc, or can be allowed to spring 
up straight to permit the hardening of 
plane surfaces such as motor suspension 
guide bars. The machine is thus capable 
of a large variety of work and is very sim- 
ple in operation, nothing being left to the 
operator’s judgment. He has only to load 
and unload it, and push the starting but- 
ton. 

Another interesting application of flame 
hardening in our plant arose from the ne- 
cessity of obtaining wearing surfaces on 
the shoulders of spool-type rollers for large 
gun mounts. Again, the hardened area 
must be only a portion of the total surface 
and must be controlled between the rather 
severe limits of 45-48 Rockwell C. The 
geometry of this piece obviously made it 
well adapted to the spinning method of 
flame hardening, therefore, apparatus was 
designed on that basis. Since the roller 
was of large mass it was impractical to 
quench it by dropping into a bath as is 
often done on smaller pieces. The alterna- 
tive was to heat and quench the spool with- 
out changing its position. This method 
was used, the spool being spun in the ver- 
tical position until proper surface tempera- 
ture was obtained, at which time the 
flames were shut off and the quench ap- 
plied. 

The surfaces to be hardened were on the 
sloping shoulders of the spool. To get the 
heating and quenching heads sufficiently 
close to the sloping surface it was necessary 
that they extend inside the bell ends of the 
spool, so the machine could be loaded and 
unloaded only by providing some means of 
swinging the heating and quenching heads 
out of the way. This was done by pivoting 
each head at its support and attaching a 
sprocket to the vertical shaft on which 
each turned. The sprockets all engaged a 
chain that ran horizontally around the 
machine and could be moved by a hand 
lever. Thus, a movement of the lever 
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swung all the heads out of the way to allow 
the spool to be lifted off its turntable. 
These details may be seen in Figs. 3 and 4. 

The quenching medium in this instance 
was air. It was introduced in specially 
constructed heads similar to the flame 
heads and placed alternately with the 
flame heads around the job. Two prob 
lems arise in connection with the use of air 
as a quenching medium, those of cleanli 
ness and temperature. Ordinary com 
pressed air may carry particles which will 
obstruct the orifices in a quenching head 
and alter the effectiveness of the quench. 
To overcome this difficulty it was neces- 
sary to put a strainer in the line. The 
temperature of the air varied considerably 
with atmospheric temperature and pro 
duced variations in results until an ice bath 
was provided through which the air was 
passed to assure uniform temperature 
This machine was also made completely 
automatic, the cycle being controlled en 
tirely by electrical means. 

The most ambitious flame hardening 
project undertaken to date in our organi- 
zation is that of hardening the wearing sur- 
faces on Diesel-engine camshafts. The 
cams and bearings on these shafts have 
been hardened by case carburizing in the 
past, a method which produces a satisfac- 
tory result but which is time consuming 
and limited as to production by the capac- 
ity of available furnaces. When the need 
for more camshafts became imperative, 
means of hardening were sought which 
would prove more economical than further 
investment in furnace equipment. It was 
decided that flame hardening presented 
the most attractive potentialities, and a 
development program was initiated to de- 
termine the practicability of that process 
for the application at hand. 

There seemed to be three possible ap- 
proaches to the problem: spinning, pro- 
gressive hardening around the periphery 
of the cams or progressive hardening 
transversely across the cams. Each was 
given consideration, and apparatus of a 
temporary nature was set up to try the 
spinning method, which at first seemed 
most promising. It was quickly discov- 


ered that the heat distribution was very 


Fig. 4—Turret Roller Hardening Apparatus in Operation 
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uneven in this method, the highest parts of 
the cams becoming excessively hot before 
the base circle area was up to quenching 
temperature. 

Further investigation into other varia- 
tions of mechanical arrangements led 
gradually to the belief that progressive 
hardening around the periphery of the 
cams offered more promise than any other 
method. Accordingly, it was decided to 
build a machine for hardening in this man- 
ner. 

There is one difficulty of outstanding 
importance in the implementation of this 
method. Any cam, because of its unsym- 
metric shape, has a varying surface speed 
with respect to a fixed point outside the 
cam. Since uniform flame hardening de- 
pends on constant surface speed relative to 
the heat source, a method of reconciling 
these differences, at least partially, had to 
be devised. Varying the rotational speed 
of the camshaft seemed to require too in- 
tricate a mechanical arrangement. 

Another difficulty inherent in any pro- 
gressive hardening cycle concerns the band 
of metal, hardened at the start of the cycle, 


Fig. 6—Elliptic Spring Hanger Being Flame Hardened 


Fig. 5—Diesel Engine Camshaft Section in Flame-Hafdening Machine 


which is reheated but not quenched as the 
cycle is completed. The result is an area 
of varying width which is not hardened as 
completely as the adjacent metal. 

The machine which finally evolved as 
the result of consideration of all these prob- 
lems is shown in Fig. 5. It is similar in 
appearance and function to an engine 
lathe. The shaft is supported between 
centers and rotated at constant speed. A 
set of flame heads, mounted in a turret 
arrangement to facilitate switching from 
one to another, takes the place of the tool 
rest assembly. This flame turret can be 
moved by means of a rack and pinion along 
the length of the shaft, so as to harden all 
cams and journal bearings in one shaft 
setup. On this flame head assembly, back 
of the shaft, is a set of master cams which 
controls the movement of the flame heads 
to maintain any predetermined distance 
from flame to work during rotation. The 
hardening is accomplished by rotating the 
camshaft past the flame heads and quench- 
ing head, in this case separate units, and 
hardening in a progressive manner. 

The problem of unequal increments of 
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Fig. 7—Motor Suspension Guide Bar Being Flame Hardened 


heat due to irregular surface speeds js 
answered by regulating flame-to-surfag 
distances with respect to peripheral speed; 
to keep the unit heat input practically cor 
stant. This flame-to-surface distance ad 
justment is simply a matter of altering the 
contours of the master cams. 

The difficulty arising from the overlay 
at the starting point, as pointed out, ; 
inherent in the process. Its effect can be 
minimized by the use of some sort of shield 
which protects the hardened area from 
subsequent drawing. Several types of 
shield and several schemes for positioning 
them were tried and discarded. The shield 
must be watercooled, and when it is intro 
duced into the flame area it tends to ab 
sorb heat that would otherwise go into the 
cam surface, and to upset the established 
thermal balance. Because of the lack of 
symmetry of the cams it is impractical to 
try to keep the shield in position during the 
entire cycle. Finally a cam arrangement 
was devised to push the shield into place 
after about 270° of rotation of the shaft 
The heat balance was preserved by a pre- 
cise adjustment of rate of flow of cooling 
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water in the shield. 

This machine has been in service only a 
short time, but has proved mechanically 
sound and promises to be an economical 
snd completely adequate instrument for 
fame hardening. 


Conclusions 


We at Baldwin’s hold no brief for flame 
hardening as a universal method of ob- 
tainting hardened surfaces. There are some 
instances where its use is definitely less de- 
sirable than some other method. Flame 
hardening, where it is technically feasible, 
has the distinct advantage of lending itself 
toa wide range of complexity of apparatus, 


with an accompanying range of initial 
investment. It can be made very simply 
and cheaply, or very elaborately and ex- 
pensively, depending on the requirements 
of the problem. In passing it might be 
well to say that an expensive flame-hard- 
ening machine would be inexpensive com- 
pared to induction-hardening apparatus or 
to a carburizing furnace. The investment 
in equipment for flame hardening is rela- 
tively small. The major part of the cost is 
in the development work, which is under 
close control if it is done within the plant, 
and the expenditure can be regulated in 
accordance with the requirements of the 
job. 

As stated before, our belief is that the 


equipment should be made as nearly auto- 
matic as possible. As with other parts of 
the machine, the cost of equipment for 
mechanizing operations is relatively small, 
and reasonable development costs should 
be the primary criterion in deciding how 
completely to eliminate the human ele- 
ment. In every case in our experience 
completely automatic controls have re- 
turned their value many times in identity 
of results and volume of production. 

Our belief in the value of flame harden- 
ing as a production tool is evidenced by the 
variety and multiplicity of parts which 
have been and are now being hardened in 
our plant. 


Sampling of Welds by Trepanning 
and Allied Methods 


By R. B. Lincoln‘ 


HE term “Sectioning” is used to cover sampling 

of welds by trepanning and allied methods. A 

small sample of a weld is removed for inspection 
or tests. The opening left by the operation is generally 
repaired by welding, but under some conditions this may 
not be necessary. For example, a butt weld in the web 
of an I-beam may usually be sampled near the neutral 
axis, and away from the area of maximum shear without 
rewelding. Generally, the design engineer must decide 
on such a problem. Sectioning is usually classed as a 
method of nondestructive testing, in spite of the fact 
that repair welding may be required. 

Sectioning has some important advantages as a method 
of testing and some equally important limitations. One 
of its great advantages is its relatively low cost as com- 
pared to other methods of nondestructive testing, and 
the fact that inexpensive, readily available tools are re- 
quired that may be used by a machinist without special 
training for this particular job. 

This method has found a place in several rules and 
codes, including the A.W.S. Standard Rules for Field 
Welding of Steel Storage Tanks, the A.S.M.E. Unfired 
Pressure Vessel Code and the A.P.I. Code for Gravity 
Tanks. Its use is becoming quite general, but I believe 
some further extension of its use is justified. In this 
paper, I will try to give the information that might be 
required by supervisors and inspectors who might wish 
to initiate the use of sectioning in their work. 


Methods of Trepanning 


There are two styles of tools frequently used for taking 
the samples. One is a small machine tool with a hemis- 
pherical saw, especially designed for this work. It cuts 
out a boat-shaped specimen. The other is the familiar 
“hole saw’’ or trepanning tool that cuts out a small ring 
or disk. The boat-shaped specimen may be used to make 
an etch test, a small tension test or an impact test speci- 
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men. Generally, the trepanned specimen is used for the 
etch test only. I believe that the boat-shaped specimen 
is generally preferred when the machine is available, but 
the trepanned specimen is often used because of the low 
cost and availability of the tools. 

The word trepanning is usually applied to the removal 
of a small disk or ring by means of a tubular tool with 
saw teeth around its end. This tool is frequently used in 
cutting holes in electrical conduit boxes and similar sheet 
metal objects, and this accounts for its being stocked by 
tool stores. It is generally cataloged as a ‘‘hole saw.”’ 

The trepanning tool, as usually sold, consists of three 
parts, that is, a shank or holder made to fit an electric 
or air-driven drill, the hole saw proper and a pilot drill, 
usually '/, in. in diameter. When there is danger that 
the sample may be lost to the inside of a pipe or pressure 
vessel, the '/,-in. hole is drilled first, and the drill re- 
placed by a split pilot that springs apart enough to hold 
the specimen until it is removed from the work. When 
there is danger of breaking the pilot drill because the 
hole saw strikes the work at an angle, the pilot hole is 
drilled and the drill replaced with a solid pilot of tough 
material. Ordinary untreated drill rod is satisfactory. 

Almost any air or electric drill can be used to drive the 
hole saw provided it does not run too fast and has power 
enough. The hole saws that we have been using have 
high-speed steel teeth welded in place. They work well 
with a cutting speed of something like 60 ft. per minute 
when used with oil or a cutting compound. This means 
about 300 rpm. for a */,-in. hole saw, 230 rpm. for a 1 in. 
and 200 rpm. for 1'/s in. diam. For best results, the 
drilling machine should be supported rigidly. The ad- 
justable support is frequently referred to in a machine 
shop as an “old man.’’ The machine can be used free 
hand without support with shorter life on the tools. 
This gives a rougher finish on the cut. 

If no oil or cutting compound is used, it is advisable to 
reduce the speed to about half that given above. Fre- 
quently, it is necessary to use the tools at hand, even if 
no drilling machine available has the desired speed. We 
have used drills running at 450 rpm. with good success 
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and others running at 750 rpm. when nothing else was 
available. In this case cutting oil was applied to the tool 
with a hand oiler. 

When the teeth of the hole saw become dull or broken, 
it is the usual practice to replace it with a new one. The 
life will vary greatly from job to job depending on the 
character of the work and the care exercised by the work- 
man. With the cutting speed of 60 ft. per minute, the 
use of planty of cutting oil and the drill supported mech- 
anically, we believe that 20 cuts through */s-in. mild steel 
may be expected before.the hole saw is replaced. Under 
less favorable conditions, with the drill supported by 
hand, two to six cuts may dull or break the saw. Often 
the importance of getting the results quickly outweighs 
the extra cost, in which case the use of the equipment at 
hand is justified. 

A careful study of the advantages and disadvantages 
of sectioning is necessary to decide when it should be 
used. I expect its use to be extended into the field where 
nondestructive testing has not been used in the past, 
rather than to see it replace other methods now in use. 

Where a single defect in a weld might result in a serious 

failure, full radiographic examination should be used and 
no “‘spot check’’ method should be considered. Section- 
ing is a “‘spot check”’ or sampling methad useful in con- 
trolling average quality, rather than for separating de- 
fective parts from acceptable ones after the work is com- 
pleted. Generally, I would prefer a radiograph to sec- 
tioning for the determination of soundness of butt welds 
if the radiographic equipment is available and the ex- 
pense not too great. The radiograph covers more dis- 
tance, usually 10 to 17 in. and shows all the defects of 
objectional size. With the sectioning method we have a 
much smaller sample and consequently a greater prob- 
ability of examining a specimen either better or worse 
than the average. However, there are a great many cases 
where the radiographic equipment is not available, or 
where the cost is considered too high for a particular job. 
Frequently, sectioning will fill the gap, safeguarding 
quality at a cost that is acceptable. Sometimes section- 
ing can be used in a location where radiographic equip- 
ment could not be easily placed because of space limita- 
tions. When only one side of a weld is accessible as in 
the case of a tank floor laid on the ground, radiographic 
examination is very difficult, but sectioning is easily 
applied. 

For fillet welds used in a lap-welded joint I usually 
prefer sectioning to radiographic examination because I 
believe that an etched specimen will show defective 
fusion more clearly than will a radiograph under average 
conditions. For fillet welds used to join structural 
members, there are many joints where radiographic 
examination would be unsatisfactory or exceedingly 
difficult but where sectioning can be used with advantage. 

Standards of quality, showing the size and number of 
defects permitted, may be found in several codes. They 
represent the combined efforts of the leading authorities. 
I do not believe that I can add anything to them for their 
particular field. They will also serve as a starting point 
for other lines of work. Generally, one desires a standard 
as lenient as is consistent with the desired quality, so as 
to avoid rejecting work that would serve its purpose in a 
satisfactory manner. On this basis, there are cases 
where larger and more numerous defects may be per- 
mitted. Frequently the location of the defect in relation 
to the neutral axis is important in deciding whether to 
accept or reject. A good example may be found in 
parts of motor and generator frames where a com- 
plete weld is not required. The design may call for a 
double beveled butt joint with the weld penetrating 
'/, to '/s the thickness from each side. This leaves '/» to 
'/; the thickness unwelded. In another application, this 
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might be classified as defective root penetration, but jy 
the job referred to, it is quite satisfactory, because thy 
stress is relatively low and concentrated near the oute 
surface. No one knows quite as well as the design ¢y. 
gineer just how good a weld is needed for his particul:; 
design. It seems logical for him to prepare a write) 
inspection specification, defining the size, number an; 
location of defects to be tolerated, when the standards gq 
up by the published codes do not fit the job. 


Sampling 


The psychological effect of spot-checking welding 
operators is generally emphasized in any discussion oj 
this subject. My experience indicates that this is valid 
reasoning. If an operator knows that any part of his 
weld may be examined, he feels a responsibility for doing 
a good job. Further, if he is making defects unknoy. 
ingly, he learns of his own shortcomings and corrects 
them. One might compare it to target practice with , 
rifle. If one is to improve his skill he must know when 
he hits the mark, shoots too high or to one side. Simi 
larly, if an operator is failing to get root fusion, the first 
step in correcting the trouble is to find out that it actually 
exists. 

The number of samples to be taken is an important 
point. Too few samples may fail to adequately saic 
guard quality, and too many represent needless expens 
It is a fundamental principle that the more uniform 4 
product, the less sampling required, and in a general way 
the higher the standard of quality, the greater the need 
for frequent samples. 

One specimen from every fifty feet of welding for each 
operator seems to be good practice. If all the samples 
are satisfactory the work may be accepted. If some ob 
jectionable defects are found, additional samples should 
be taken until the extent of the defects is determined, or 
enough evidence collected to justify rejecting the entir 
weld. 

This is actually an application of the modern scientific 
principle of ‘Sequential Sampling’’ although the averag: 
welding inspector might not use that term. In sequential 
sampling, after each sample or group of samples is ex 
amined we make one of three decisions: 


(1) Accept—if the results are up to a certain stand 
ard. 

(2) Reject—if the results are worse than a specified 
value. 

(3) Take further samples if those already tested {all 
below the acceptance standard for that size o! 
sample, but above the level justifying sum 
mary rejection. 


To illustrate this point, suppose we are willing to accept 
a certain sized defect in '/; of the length of the weld 
Any plane cut at random through a weld with defects in 
1/3 of its length should have two chances in three of being 
free from defects that would cause rejection. Two sat 
ples would have four chances out of nine of both being 
acceptable. With six samples, the probability that all 
are acceptable will be the sixth power of ?/; or roughly ont 
chance in twelve. Conversely, if we accept on thus 
evidence, there is roughly one chance in twelve that thi 
weld is worse than the accepted standard. It is probable 
that the defects in the specimens should vary throug! 
about the same range as the weld itself. In actual prac 
tice, it will often happen that all the specimens are pra‘ 
tically perfect. In that case we have that much better 
case for acceptance, or we can accept with a smuller 
number of samples. 

Each sample has one chance in three of shows 
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sreater defects than permitted. Two samples have one 
chan e in nine of both being defective and three samples 
only one chance in twenty-seven of all showing worse 
than permitted defects. We will therefore be quite safe 
in rejecting the work if the first three specimens are bad. 

If it should happen that we get two good samples, then 
two bad samples, followed by two more good ones, there 
will be something like a 50-50 chance that the weld 
averages worse than the specification, and we will need 
more specimens before making a decision. For modern 
quality control, this kind of information is usually com- 
piled in sampling tables showing the size of first sample 
ind the number of defectives justifying acceptance, re- 
jection or further sampling. The tables will also give the 
size of the second sample and corresponding acceptance 
and rejection limits. This is the scientific approach and 
should result in a saving in the number of samples if 
much of the work is either very much better or very much 
worse than the borderline case. I have not seen this 
idea carried out in welding inspection to so elaborate a 
procedure, but the principle holds good that if all the 
samples are excellent, the work can be accepted with few 
samples and if all are very bad it may be rejected with 
few samples. In borderline cases more samples are re- 
quired to arrive at a decision. 

Fortunately in welding, it is not unusual for all samples 
to be practically perfect when the welding operators are 
used to close inspection. In this case a moderate number 
of samples is sufficient to hold the line against bad work. 

It is good practice for the welding inspector to take his 
samples from the part of the weld he believes to be the 
poorest. Actually, a skilled inspector will have a very 
good idea where defects are likely to be found. This 
results in better control than that indicated by the above 
rough calculations on probability. 

To make use of the principle of sequential sampling 


or in other words to take additional sampies when and if 
some defects are found, we need a prompt decision on the 
samples after they are removed. When it is necessary 
to accurately measure the size of the defects, that is, 
when they are near rejection size, the samples should be 
finished to approximately a plane surface before etching. 
That is required in some of the codes. On the other hand, 
if the samples are very good, that is well above the ac- 
ceptance limit in quality, less grinding is needed for ex- 
amination. Generally, the cutting tool will have some 
tendency to force the metal into defects, making them 
appear smaller than their actual size. This is particularly 
noticed when a “hole saw”’ is driven by a drilling machine 
held in the hands, without rigid support. The outer 
surface of the specimen should be carefully ground 
enough to remove this cold-worked layer. 


I like to etch the specimens as soon as possible. For 
field work, away from a laboratory, some makeshift 
etching equipment is required. A drinking glass or glass 
dish filled with one part of nitric acid to three parts of 
water serves the purpose well. The specimens should be 
etched enough to make the surface dull, washed in water 
and examined wet. The specimens will rust after ex- 
amination and, if they are to be preserved, they can be 
etched a second time in the laboratory, following the re- 
quirements of the code, and coated with clear lacquer, 
clear mineral oil or covered with transparent adhesive 
tape. 

Too much etching tends to open up the defects making 
them appear larger than their actual size. When diluted 
nitric acid is used in the field as described above, there is 
danger of this only when the defects are near the maxt- 
mum permitted size, and in actual practice we have not 
encountered much trouble due to defects enlarged by 
etching. 


Stud Welding Saves 


Time 


EARLY twenty thousand °/s-in. rectangular 
metal lath studs were used to hold wire mesh 
reinforcing for the eight cement-lined intake 


compartments in the huge Nottingham crib fabricated 
by the American Shipbuilding Company at Lorain. 

The operator below is installing the studs with the 
Nelson automatic stud welding gun, which reduced by 
about 50% the time required to secure the reinforcing to 
the steel plate. A team of four men, two with stud 
welding guns and two working on the mesh, completed 
an average of 125 square feet per hour. Ferrules used in 
the stud welding process are still in place on studs in 
the lower section, but have -been removed in the upper 
Section, 
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Welded Bridges’ 


By LaMotte Grover! 


A review of welded bridges constructed in the U.S.A., Canada and various foreign countries dur- 
ing the last 12 years, and of various practices in specifying steel materials, details of design and 
methods of construction; also a review of the results*of some German fatigue tests of welded 
beams, and of some fatigue fractures in girders and stringers of riveted railway bridges and the 


HE construction of welded bridges of 

important size in the United States 
and Canada is advancing now to a notable 
volume, especially so in view of the fact 
that bridge construction, in general, has 
been very slow because of such postwar 
influences as steel shortages, high con- 
struction costs, unstable prices and re- 
strictions by state regulations upon the 
including of escalator clauses in their con- 
tracts. Many of the state highway de- 
partments are still curtailing their con- 
struction programs drastically. 

During the earlier stages of experience 
in welded bridge construction, some of the 
other countries of the world struck out in 
the lead with outstanding accomplish- 
ments in volume and in new types and 
details of design. Many of their bridges 
were destroyed during the war. In some 
cases they made errors in design and in 
construction procedures, and in  pro- 
visions for steel material. These errors 
were recognized and corrected in later 
projects, thus affording guidance to others. 
However, most of their welded bridges 


repairs that are made by welding. 


the welded bridges in the United States 
and Canada, have given excellent service, 
with no difficulties reported during periods 
of service ranging from a few to more than 
20 years. Some of the pioneers in welded 
bridge building were Belgium, Germany, 
Switzerland, Holland, France, Czecho- 
slovakia, Poland, Australia, Sweden, Eng- 
land, Russia and Austria. 

In North America, the welded bridge 
programs of the State Highway Dept. of 


that were spared during the war, like all 
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New 


Town 

Greenwich 
Trumbull 
Stratford 
Orange 
Hamden 
Hamden 
Hamden 
Hamden 
Wallingford 
Wethersfield 
Wethersfield 
Wethersfield 


East Hartford 
East Hartford 
Vernon 
Seymour 
Coventry 
New Haven 


Hartford 
Hartford 
Windham 


East Granby 
Waterbury 


Derby 
Seymour 


Road 
Merritt Pkwy. 
Merritt Pkwy. 
Merritt Pkwy. 


Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 


Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 
Wilbur Cross Pkwy. 


Broad St. 
Willimantic River 


Wilbur Cross Pkwy. 


Rt. 5 
Rt. 5 
School Plains Rd. 


Floydville 
Rt. U. S. 6 


Derby-Shelton 
Rt. 67 


Name of Bridge 


Lake Ave. 
Trumbull Ave. 
Route 8 
Derby-Milford Rd. 
Dixwell Ave. 
Connelly Bivd. 
Skiff St. 

Whitney Ave. 

Rt. 5, South 

Rt. 5, North 
Folly Brook Blvd. 
Jordan Lane 


Main St. 

Silver Lane 

Rt. 15 
Naugatuck River 
Perkin's Corner 
Rt. 69 


North Meadows; 
Willimantic Div. 
North Meadows; 
Springfield Div. 
Shetucket River 
Salmon Brook 
Silver St. Viaduct 


Mill St. 
Bank St.; Little River 


Connecticut State Highways. 


Type 
Rigid frame 
Rigid frame 
Rigid frame 
Rigid frame 
Welded girder 
Welded girder 
Welded frame 
Girder 
Rigid frame 
Rigid frame 
Rigid frame 
Girder 


Rigid frame 
Girder 

Girder 

Rigid frame 
Girder 
Continuous 

girder 

Suspended span 


Simple and sus- 
pended spans 
Girder 
Girder 
Continuous I- 
ms 


Suspended span 
Welded girder 


Spans 
2.at 47 ft 
62 ft. 


Suspended span 

80-170-80 
82 ft. 
106 ft. 
93 ft. 
58 ft. 
124 ft. 

2 at 125 ft 


75-107-75 
60-60-90-60 


2 at 100 ft. 
102 ft. 
2 at 60 ft. 
2 at 75 ft. 
6 at 50 ft 
3-span, 48-67-48 
106 ft 


812 


200,000 
410,000 
1,700,000 


316,000 
315,000 
308,000 
105,000 
214,000 
780,000 


531,000 
* 400,000 
255,000 


160,000 
830,000 


300,000 
209,000 


Connecticut and of the Province of Queby 
Canada, are especially notable for steady, 
continuous progress, except during two or 
three years of actual war activities whey 
neither steel material nor welding sup 
plies could be allocated to normal types of 
peacetime construction. 

A recently made tabulation of welded 
bridge projects on the Connecticut Stat 
Highway System, Table 1, shows a total of 
17 welded bridges completed from 1939 


Fig. 1—Deck Plate Girder, Cantilever Type, 330-Ft. Skewed, Grade Separation 
Structure of 79-Ft. Roadway and with 120-Ft. Suspended Span, on Hartford By-Pass, 
Total Structural Steel, 850 Tons. 

Design Required 32% More Steel (See Table 1) 
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Table |1—Welded Bridges in Connecticut 
re 
Unit bir 
Wt. of Price, 
Steel 
125,000 0.08 1939 
288,000 0.06 1938 
ee 62 ft. 324,000 0.05 1939 
eee 2 at 61 ft. 141,000 0.08 1940 
ne 126 ft. 354,000 0.10 1948 
eee 5 at 115 ft. 1,800,000 0.10 1948 
ate 2 at 45 ft. 144,000 0.097 1947 
119 ft. 390,000 0.085 1946 
04 ft. 0.09 1946 
po 2 at 72 ft. 0.08 1941 
2 at 72 ft 0.08 1941 
0.075 1941 
0.0675 1940 
0.10 1948 
ae 0.14 1948 
0.07 1938 
0.144 
0.145 
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Fig. 2—-Welded Deck Plate Girder Structure of Five Spans at 115 Ft. Each, Recently 
Completed to Carry the Wilbur Cross Parkway Over Connelly Blvd. and the New 
; Haven Railroad, Near New Haven, Conn. (See Table 1) 


through the first six months of 1948, four 
ore under construction, and four further 

rojects designed, making a total of 25 
velded bridge projects, involving span 
engths up to the 170-ft. middle span of the 
lordan Lane viaduct, Fig. 1.' All of these 
tructures are of girder or rigid-frame type 
mstruction. Earlier projects had to be 
onstructed entirely with state funds, but 
uring the last three years the United 
States Public Roads Administration has 
approved quite a number of welded built- 
ip girder bridges for participation in 
federal aid. 

Several of the welded bridges con- 
structed in Connecticut since the war are 
illustrated in Figs. 2 to 4. During their 
lesign they were described by John F. 
Willis, Bridge Engineer of the State High- 
way Dept., in the Engineering News 
Record.2 It is reported that welded con- 
struction was adopted because of economic 
and architectural advantages, the latter 
being given special consideration by their 
ridge architect in the case of these bridges 
m the Merritt and Wilbur Cross Park- 
ways. Experience in constructing ten 
reviously built welded bridges in Connec- 
ticut had shown a very substantial cost 
saving. A systematic inspection of these 
structures, conducted over a period of 
nine years, has revealed no defects. Weld- 
ing has provided a convenient solution toa 
good many special details arising from ex 
treme skews, clearance requirements and 
superelevation on horizontal curves com- 
bined with vertical curvature. 


In the Province of Quebec, progress in 
welded bridge construction has been en- 
hanced greatly by the close and extensive 
cooperation of the Dominion Bridge Co., 
Ltd., in the design of the structures and in 
working out construction procedures for 
them, to bring about a correlation of 
details of design and proportions of girders 
with well-developed welding procedures, 
sequences and other shop fabrication and 


service temperatures for all of them 

In Table 2 are listed 15 of these welded 
bridges, constructed from 1936 to date, all 
of them involving spans of more than 100 
ft. The Three Rivers Bridge (Fig. 5) 
includes six spans of 180 ft., with contin- 
uous girders reaching a depth of 12 ft. at 
points of maximum moment over the piers. 
Other examples of these Canadian welded 
bridges are shown in Figs. 6, 7 and 8 A 
number of them have been described in 
detail by D. B. Armstrong in the technical 
press.3~§ 

The State Highway Commission of 
Kansas has two welded, continuous, 
built-up girder bridges under construction 
as Federal Aid Projects, with middle 
spans of 108 ft.; and they have another 
welded girder bridge designed with 130-ft 
spans. This state, like many others, such 
as Ohio and New York, has made an ex 
tensive use of welding for details of con 
tinuous rolled beam spans and other types 
of steel bridges during the last 15 years, up 
to the time when federal aid could be ap 
plied to larger, all-welded, built-up girder 
bridges with welded field splices. 

A list of some of the outstanding welded 
girder and truss type bridge projects in the 
United States, constructed from 1926 to 


Fig. 3—Welded Girder Overpass of 126-Ft. Span, Carrying Wilbur Cross Pkwy. 


Over Dixwell Ave. Near New Haven, Conn. 


field practices of the Bridge Co., to the end 
that highly efficient structures could be 
built, with attendant savings in material 
and cost of construction. 

The perfect service records of these 


bridges, extending up to 12 years, is more 


noteworthy because of the rather low 


temperatures prevailing during the con- 


struction of some of them, and the low 


Fig. 4—Rigid Frame Structure, of Two Spans at 72 Ft. Each, at Rt. 5, North, on Wilbur 
Cross Pkwy. South of Hartford, Conn. (See Table 2) 


1948 


WELDED BRIDGES 


onstructed in 1948 (See Table 1) 


1941, may be found on pages 1288 and 
1289 of the 1942 edition of the Welding 
Handbook of the AMERICAN WELDING 
Society. Most of these bridges have been 
described in detail in various articles ap 
pearing in THE WELDING JOURNAL and 
the Engineering News-Record. The long 
est all-welded truss span among thes« 
bridges is the 160-ft. span of the Riverside 
and Delanco, N. J., highway swing bridge 
built in 1935. There are also two bascule 
girder bridges, one built in 1935 at Jupiter, 
Fla., for main line traffic of the Florida 
East Coast R.R., and the other, a highway 
bridge between St. Petersburg, Fla., and 
Treasure Island, built in 1939 (Fig. 9 

An interesting, recently constructed, 
all-welded bridge at White City, Fla., isa 
vertical lift span that carries highway 
traffic on State Route 71 across the In- 
tracoastal Waterway. 


Early Experience in Europe 


Progress in welded bridge construction 


in foreign countries, as described in the 
technical press from 1929 to the time of the 


curtailment of such foreign publications 


during the war, has been reported in three 
previous reviews prepared by the writer 


6, 7, 7a 
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It was principally through difficulties nN 
experienced in the Zoo and the Rudersdorf 
welded girder bridges in Germany, and in = 3 
the Hasselt Bridge in Belgium, a Vieren- 5 
deel-truss bridge over the Albert Canal, = g 23 % St FA 
that attention of bridge engineers was n nA< a a 
first focused forcibly upon the réle played re, 
by low service temperatures, steel ma- ~ 2 22s “sees 8 
terials of low notch toughness and notch mo 2 A N a 
effects, abrupt changes in section and geo- 2s 
metric restraint, in causing premature we oy 
fractures in an apparently brittle manner.*® a5 
Notch effects had been widely thought of sue 73 
as being mainly of significance in fatigue 
loading. 
“Somewhat unfavorable stress distribu- 
from details of design or minor defects in SHEocwooeoneteoeko ee , 
evitable, in any kind of practical engi- <. > 
neering structure, regardless of its type and 
When such effects become very severe they 6c 
steel material is deficient in notch tough- ae «a 
ness or susceptible to strain age embrittle- 3 AA 
A review of the many entirely successful 6 aa Fi 
early applications of welding in bridge 
construction, together with the compara- = See at | 
tively few serious difficulties that were en- PAC S S o 
countered in Europe, reveals one out- > 
standing fact—that the ordinary grade of iIts 
Thomas steel, of basis Bessemer type, that ute &. ves 
was in use at that time, was unsuitable for sy AM OH ev 
welded bridge construction. SASS SAR en 
Although much importance has been Ron > rock > o+5 Shoe en 
great deal of attention was given subse- © ge S88 = tru 
features, it is significant that a good many = & = en 
(or Martin) open-hearth steel, with similar Ss r 
details of design and undoubtedly with = ae A as 
defects in workmanship in some of the nid 
bridges, have given no trouble in service 3 6 @ © 6 © mi 
equally true that with the exercising of & us mt 
special care in design and detailing and in nam give 
quite a number of the early European = = = = = = = = = = ri 
bridges, especially in Germany, and some 4 + R 4 S$ 8S & B&B & vat 
the modern types of heavily coated elec- ha: 
Research in Steel Materials 
Following the incidents of the Hasselt re bi 
Rudersdorf bridges in Germany, a great AD 0 
deal of research into the behavior of struc- 
tural steel materials has been carried out » ¥ 5 5 = 2 8 = 9 = 
in Europe, and during the last few years in 3 3 3 8 € S 
the United States, likewise. The re- § 3s & $32 = = 3 83 
worked more or less independently, largely RAR A & 
because war conditions prevented much 
technical cooperation, especially between S = 
the Allies and Germany or the occupied Sess 8 Ew 
some extent in France and Belgium to 
the war, with apparently satisfactory re- | 2 2 i 
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fig. 5—Eight-Span, Continuous Welded Girder Unit of Three Rivers Bridge Over 
St. Maurice River, P. Q., Canada, Consisting of Two Spans at 150 Ft. and Six Spans 
at 180 Ft., 42-Ft. Roadway with Two 5-Ft. Sidewalks, 1300 Tons of Steel. 


Complete 


Structure Includes Another Five-Span Unit (See Table 2) 


These 
vestigations have been continued since 
e war, with the result that according to 
ent reports, fully killed Thomas steels 
re now produced by some mills, to con- 


form to the strict requirements that have 


een set up for the best weldable grades of 
tructural steels; whereas fully killed 
Martin open-hearth steel material had 
en used in the interim period almost 
xclusively, to meet such requirements. 

The Thomas basic Bessemer steel that 
as used for some of the earlier welded 
ridges in Europe was frequently of the 


rimming type and of low notch toughness, 


and also susceptible to serious strain age 
mbrittlement. Rimmed steel has also 
given trouble in shipbuilding in the United 
States during the war, but to the best 
knowledge of the writer, none of it has 
found its way into any of our welded 
ridges. Our structural shapes are in- 
variably of semikilled or killed steel. The 
ise of Bessemer steel for any kind of 
ridge construction in the United States 
las been prohibited by standard specifica- 
tions for a good many years, and there 
appears to be no economic justification in 
this country for an attempt to alter our 
Bessemer steel with respect to its suita- 
bility for bridge construction. 

A report on the examination of welded 
‘eel specimens taken from the Hasselt 
bridge soon after its failure ten years ago 
in Belgium, was made by a committee of 
the Welding Research Council of the In- 
stitute of Welding in London (reorganized 
since then as the British Welding Research 
The steel was shown to be of 
basic Bessemer type and in some cases of 
fully rimming quality. Izod test values 
were on the low side, even at room tem- 
perature, and all of the steel was found to 
Xe very sensitive to the effects of strain 
aging. The full significance of this fact 
Was not, however, recognized by the com- 
mittee at the time. The examination also 
revealed some serious defects in workman- 


Assoc) .9 


1948 


ship, and improper details of design 
A German investigation of samples of 
steel taken from the Zoo bridge in Ger 
many and from the Vierendeel truss 
bridges over the Albert Canal in Belgium!’ 
showed that the steel in all of them was 
sensitive to strain aging, especially so for 
the rimmed Bessemer steel. In a previous 
analysis reported in VDI, 85, 511-516 
(1941), the same authors concluded that 
the requirement for a higher yield point, 
in ST 52 steel, as used for the Zoo bridge 
and others in Germany, was justified only 
in exceptional cases for very slender 
members; and that a much more suitable 


structural steel would be obtained by 
substituting a requirement for nonaging, 
in lieu of that for a higher yield point 
About that time, the Germans developed 
a high strength ST 52 steel of improved 
performance, and in France and Belgium, 
high strength Ac 54 steel of satisfactory 
performance was produced. 

Because the Martin open-hearth process 
was more adaptable at the time to the 
meeting of the special requirements that 
were set up, quite a number of welded 
railway and highway bridges, which will 
be described in this paper, were con 
structed of fully killed Martin steel, Ac 54 
It is possible that this high-strength steel] 
was used, along with the higher allowabk 
working stresses, in part because the more 
expensive open-hearth process was custo 
marily used in conjunction with the fur 
nishing of such higher strength, low-alloy 
steels. 

Because of the severe transverse re 
straint involved in the wide expanses of 
monolithically joined, comparatively thick 
plating used in large ships, and in view of 
difficulties encountered during the war in 
such large ships, the specifications of the 
American Bureau of Shipping for struc 
tural hull steel have been revised recently 
to provide a tougher and more ductilk 
material. 

Three classes of material are specified 
The physical properties specified for al] 
three classes are approximately the same 
as those specified for our A.S.T.M.-A7 
structural steel for bridges. As specified 
for a good many years in A.S.T.M.-A7 
steel for bridges, the open-hearth or elec 
tric-furnace process is specified for all three 
classes. For Class A material, including 
hull plates up to but not greater than 
in, thickness, and including all the rolled 
shapes, it is considered that the upper 
limit prescribed for tensile strength assures 
the provision of a satisfactory medium 
carbon steel. For Class B material, which 


Fig. 6—Continuous Welded Girder Bridge at St. Rose Over the River des Mille-Iles, 
P. Q., Canada, 42-Ft. Roadway, 1190 Tons of Steel, 1548-Ft. Total Length (See Table 2) 
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includes plates over '/, in. in thickness but 
not thicker than 1 in., it is considered that 
the maximum carbon content of 0.23% 
and the range of 0.60 to 0.90% for man- 
ganese, as specified for this class, assures 
the provision of a satisfactory semi-killed 
steel. Class C applies to all plates over 1 
in. thickness and imposes the same limits 
for carbon and manganese, together with a 
range of 0.15 to 0.30% for silicon, and 
further requires the material to be a fully 
killed steel, made by fine grain practice. 

This recently adopted practice in Amer- 
ican shipbuilding may be contrasted with 
that adopted in Continental Europe, 
where ores and steel making practices are 
somewhat different, and where the prac- 
tice for specifying steel for welded con- 
struction has taken the form of preferably 
avoiding any stipulations regarding the 
steel making process, and in lieu thereof, 
the imposing of further and more rigid 
acceptance tests, including bend tests of 
quench-hardened material, bend tests of 
welded joints, and in some cases, notch- 
bar impact tests of artificially aged ma- 
terial, these being in addition to some 
limitations upon chemical composition, 
and the customary requirements for ten- 
sile properties. 

A rather striking comparison, reflecting 
the réle played by steel material, is af- 
forded by two test programs of large 
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span, and was composed of two | 


X l-in 
flange plates with butt-welded splices ang 
54- x '/:-in. web plates with fille: weldeq 
“butt-plate” ‘splices. The were 


Fig. 7—Beloeil Bridge at St. Hilaire, P. Q., Canada, Involves an All-Welded Con- 
tinuous Girder Unit of Three Spans at 102 Ft. Each, 33-Ft. Roadway, in Approach to 
Highway Swing Span Across the Richelieu River (See Table 2) 


joined to the flanges by '/¢-in. fillct welds 

The European test girder, of the ordiy 
ary variety of Thomas basic Hessemer 
steel, was a heavy wide flange rolled se 
tion of 39 in. depth and 51.5-ft. span, with 
flanges 12 x 1.4 in. and web in. thick 
the location of rupture. The flanges anq 
web were spliced by means of butt 
welded joints. 

In both programs, the girders were sy} 
jected to two symmetrically placed coy 
centrated loads to produce virtually th, 
maximum bending stress in the r gion of 
the welded joints. In the Kansas an 
Missouri girders these joints were locate; 
just outside the concentrated loads, t, 
subject them to maximum shear also 
In general, greater refinements were taker 


Fig. 8 Slender Continuous Deck Girder Bridge Across Lievre River at Buckingham, 
P. Q., Canada, Involving Center Span of 150 Ft., and Two Short Approach Spans of 
35 Ft. Each with Tie-Down Anchor-Links at the Abutments (See Table 2 and Ref. 5) 


welded girders under static loading. One 
of them was carried out 13 years ago by 
the State Highway Commission of Kansas 
under the direction of the writer, utilizing 
standard A.S.T.M.-A7 (semikilled) struc- 
tural steel.!! The other program, in 
Europe, involved some members of their 
ordinary Thomas basic-Bessemer steel. 
The Kansas test girder, as well as a 
similar girder tested by Missouri shortly 
afterward, was of 54-in. depth and 27-ft 


Fig. 9—Welded Double-Leaf Bascule Highway Bridge Between Treasure Island and 
St. Petersburg, Fla., Contains 150 Tons of Steel 
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in the construction of the European girder 
One of the objectives for the Kansas 
girder was to make sure that the work 
manship would be no better than what 
might be expected in a structural fabricat 
ing shop at the time, when many fabri 
cators had had little experience in welding 

The European girder, of war-surplus 
material of the ordinary variety of Thomas 
steel, failed by rupture at a bending stress 
of about 21,300 psi., whereas the Kansas 
and Missouri girders of A.S.T.M.-A7 steel 
showed no signs of fracturing, when they 
failed by lateral deflection and buckling 
at a calculated bending stress of about 
36,000 psi. 

The rupture of the Thomas steel girder 
occurred entirely in the base 
starting with a fracture across the tensio! 
flange just outside the edge of the butt 
welded joint, suggesting the same kind ol 
strain age embrittlement as has _ beet 
mentioned in connection with that kind of 
steel. 

Although the record of service for welded 
bridges of the sizes that have been 
volved in the programs of the United 
States and Canada, indicates no need for 
concern about the suitability of our 
A.S.T.M.-A7 structural steel for bridges 
(a semi-killed open-hearth steel), it may 
found advisable to use a fully killed ste:l, 
at somewhat increased cost, for largef 
bridges that involve greater single thick 
nesses of material or very rigid details in- 
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wiving a high degree of transverse con- 
graint against ductile behavior. Such a 
ee] would be similar to the Class C ma- 
erial specified by the American Bureau 
s Shipping, and likewise similar to some of 
‘he steel that has been furnished for recent 
vestigations of the Structural Steel Com- 
wittee of the Welding Research Council, 
shich are being carried out at the Ingalls 
shipyard in Pascagoula, Miss., at the 
National Bureau of Standards and at 
Columbia University. 


Belgian Bridges 


The Belgian steel-making, fabricating 
aid welding industries, together with 
public works departments, merit a great 
eal of credit for facing squarely the prob- 
ems involved in the difficulties that they 
experienced in some of their early welded 
ridges, and for the outstanding progress 
they have made in solving those problems. 
Despite these adverse experiences, they 
ontinued their program of welded bridge 
onstruction, improving their details of 
lesign and the control over workmanship, 
and giving a great deal of special attention 
to improvements in steel materials for 
welded construction. 

Unfortunately some of their later welded 
bridges, such as the large cantilever girder 
ridge of Siemens-Martin open-hearth 
steel, across the Meuse River at Ougrée, 
were destroyed during the war, and their 
cellent service records were thus ter- 
minated. The Meuse River bridge in- 
volved the use of single thicknesses of 
material as great as 3 in. in the girder 
flanges.’ 

However, one of their most important 
later projects, a welded elevated railway 
structure at the new South Station in 
Brussels, constructed partly of Thomas 
Bessemer steel and partly of Siemens- 
Martin open-hearth steel, just before the 
xtman invasion, escaped war damage 
and is giving excellent service in all re- 
spects today, carrying railway traffic. 
this welded viaduct is of about 600 ft. 
ength, consisting of two double-track 
ridges and one single-track bridge, of 
ngid frame bents with suspended decks in 
alternate spans, and involves a total of 
ten 59-ft. spans in each of the bridges, 
vhich are parallel, about half on straight 
lignment and half on a polygonal align- 
ment conforming to a horizgntal curve. 
The flanges of the main girders, ranging 
1 thickness up to 1.77 in., are special 
tib plates,” rolled with a longitudinal 
veveled rib, which is fitted to the beveled 
ige of the web plate and joined to it by a 
louble-V butt weld. This structure is 
lurther described in detail in one of the 
reviews previously prepared by the 
Writer,’ 
The grooves for all the flange-splice 
utt welds were prolonged past the plate 
tdges by adding temporary run-off bars to 
bermit removal of end defects. These 
lange splices are skewed 45° with the 
ges of the flanges, a detail which is not 
‘ecorded any increased allowance for 
fatigue resistance by the specifications of 
the AMERICAN WELDING Society, al- 
though some foreign countries do accord 
uch an increased value, based upon re- 


search which will be discussed later in this 
paper, 
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Welded Bridges in France Are Mostly of 
High-Strength, Open-Hearth Steel 


In the face of the difficulties that had 
been experienced in Belgium and Germany, 
French bridge engineers, steel industries 
and fabricators, like those in Belgium, 
proceeded to analyze these difficulties, to 
take steps to remedy them, and to con 
tinue with their programs of welded 
bridges. With the construction of a 
number of bridges of special, high-strength 
weldable steel, Ac 54, they had made 
early progress in solving the matter of 
providing a weldable steel of acceptable 
notch-toughness, which had become recog- 
nized by that time as a matter of para- 
mount importance. The extra cost of 
providing a fully killed open-hearth steel 
was probably justified in part by utilizing 
grades of higher strength which permitted 
higher working stresses, 

An important all-welded, skewed, bal- 
lasted deck, railway bridge, a double 
track, three-span rigid-frame structure 
with a middle span of 115 ft. had been con- 
structed previously by the Northern Sec- 
tion of the S.N.C.F. (French National 
Railways) over the Boulevard Ney at 
Paris in 1936 (Fig. 10). It is actually com 
posed of two parallel single-track bridges 
built side by side, each bridge being com- 
posed of two main girders with floor beams 
perpendicular to them, and two lines of 
stringers. This was the second all-welded 
railway bridge to be built in France, after 
receiving alternative proposals for welded 
or riveted construction of either ordinary 
steel, Ac 42/25, or high-strength steel, 
Ac 54. The low bid for the Boulevard 
Ney bridge was for a welded structure of 
Ac 54. About this same time, a through- 
girder, single-track, welded railway bridge, 
with span lengths of 115 and 88 ft., on 
an extreme skew, was constructed at La 
Plaine-St. Denis; and shortly afterward, 
two double-track through-girder bridges, 
all of Ac 54 steel. 

The main girders of the Boulevard Ney 
bridge range from 3'/, to about 5 ft. in 
depth (headroom being at a premium in 
the side spans). Their flanges are special 
“rib plates” about 16 x 2 in., with 15/,-in. 
thick cover plates at points of maximum 
negative moment, over the intermediate 
supports at the legs of the frames. These 
cover plates have square ends, a detail 
which has now been demonstrated by 
several research programs to afford better 
resistance to repeated stress than ends 


that are tapered in width to a very narrow 
termination. 
One of the details of design for this 


bridge is subject to criticism—the use of 
butt-welded flange-splices that are V- 
shaped in plan view, and in the case of the 
main girders, X-shaped (Fig. 11). This is 
an expedient that was used in a number of 
early welded projects in Europe, with the 
thought that it would effectively overcome 
the prevailing restrictions that limited the 
allowable working stresses for buttwelds 
Experience has now shown that it is very 
difficult to avoid sizable defects at the 
apex of the V. 

Details of this kind have now been dis 
carded by most designers, in favor of the 
simple transverse groove, perpendicular 
to the edges of the plates, in which a sound 
butt-weld can be made easily. In view of 
the high resistance to repeated stress as 
well as static stress that has been demon 
strated by research for butt welds, the 
bridge specifications of the AmERICAN 
WELDING Society have now established 
for butt welds an allowable working stress 
equal to that of the base metal, for normal 
conditions, when severe fatigue loading is 
not involved. This has removed the 
temptation to resort to details like those 
used for flange splices of the Boulevard 
Ney bridge. In that case, the welding 
was done carefully by an experienced field 
welding organization, and the difficulty 
of welding that type of detail was ap 
parently overcome. 


200 200 200 toc 
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Fig. 11—Special Type of Skewed, Butt- 

Welded Flange Splice Used for Girders 

of Boulevard Ney Bridge. This Detail, 

Very Difficult to Weld, Provides No Better 

Fatigue Strength Than a Simple Butt- 
Welded Splice 


One of the first welded bridges to be 
built in France, was the Ourscamp high- 
way Bridge, a 132-ft., tied-arch span, con- 
structed in 1935. Each arch rib is com 
posed of two rolled I-section flanges with 


Fig. 10—Double-Track Railway, Rigid Frame Bridge of French National Railways 
Constructed in 1936 Over Boulevard Ney in Paris, with Middle Span of 115 Ft. 
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Fig. 12—-Single Track Railway Bridge of Joncherolles Near Paris Constructed in 1938. 
Unique Truss Span with Butt-Welded Joints Is of 131-Ft. Span 


their webs horizontal, welded to a vertical 
web plate. The ties are likewise made up 
of two I-sections and a web plate. 

The most outstanding of the previously 
constructed welded bridges in France 
was, perhaps, the Pont de Joncherolles 
near Paris, an all-welded single-track 
railway bridge of high-strength Martin 
open-hearth steel, with specially designed 
low, through trusses of 131-ft. span,’ 
extremely skewed, carrying main-line 
traffic over interesting railway tracks. 
This bridge, built in 1938, has been carry- 
ing locomotives with axle loads of 22 tons, 
60 trains per day. The steel material was 
of an analysis similar to that reported be- 
low for the Neuilly bridge, except that 
chromium, manganese and silicon con- 
tents were not specified. A recently re- 
ported thorough inspection, made after 10 
years of service, shows that this bridge is 
in perfect condition (Fig. 12). 

According to the statement of a recent 
visitor to the United States, Roger Val- 
lette, Chef de la Division des Ouvrages 
d’Art de la S.N.C.F. (French National 
Railways), all of the welded bridges that 


have been built in France have given 
thoroughly satisfactory service and no 
difficulties have been experienced. 

Two large welded bridges across the 
Seine, just west of Paris, one at Neuilly 
and the other at Saint-Cloud, were in 
early stages of construction when the 
failure of the Vierendeel truss Hasselt 
bridge occurred in Belgium, in March 
1938. 

With the erection of the steel for the 
Neuilly bridge starting in April 1938, no 
benefit during fabrication could be gained 
from the investigation of the Hasselt 
bridge. However, the importance of 
specifications for steel material had been 
realized previously by the constructors 
who had, themselves, specified special 
requirements for the open-hearth Ac 54 
Martin steel to be used, including limita- 
tions upon chemical analysis, bend tests 
of welded joints and test for brittleness 
Incidentally, about 2° of the steel fur- 
nished had to be rejected because of lami 
nations or other flaws. The analysis of the 
steel as furnished fell within the following 
limits: 


Fig. 13—Neuilly Arch Bridge of 115 Ft. Width and ape of 220 and 269 Ft. Constructed 
Across 
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the Seine River West of Paris in 1938 


Carbon, %. 0.18 to 0.29 a 
Silicon, %... 0.20 to 0.95 ee 
Manganese, 1.00 to 1.15 
Chromium, 0.25 to 0.45 
Copper, % 0.35 to 0.45 i 
Phosphorus, ©, 0.01 to 0.035 caretu 
Sulphur, %.. 0.01 to 0.03 
It is interesting to observe that in th, France 
analyses that have been reported for th, yidth 
steel materials used in the various welded opened 
bridges that have given no trouble j the do 
France, the ratio of manganese to carbon catied 
has been quite high. Recent research par the sar 
ticularly that reported from Englang while t 
seems to indicate the advisability of maiy ture W 
taining a manganese-to-carbon ratio of at parts | 
least three; and a substantial further width 
improvement in notch toughness of carbo; uilt. 
steel has been demonstrated as this rati The 
increases up to five or more. contin 
The steel material for the Saint-Cloud total | 
bridge was af substantially the sam posed 
analysis and was likewise subjected to each < 
impact or brittleness tests. Mild-stee] nearly 
electrodes were used for the welding of Marti 
these bridges. one 
The Pont de Neuilly (Fig. 13), an arch ther 
bridge of 835 ft. total length and 115 ft Fro 
width, includes of a 269-ft. span and a of spe 
220-ft. span, each composed of 12 two main 
hinged circular arch ribs of box section trans’ 
60 x 24 in. for the longer span and 46 x 24 very 
in. for the shorter span. The maximun »), 
thickness of material (top and bottom 9 °°! 
flanges) is about 7/sin. The flanges over veldi 
hang the two web plates and are welded t at th 
them with double continuous fillet welds TOSS 
The ribs were first fabricated in sections JJ 


of about 26-ft. length, which were then 
assembled in the shop and welded end-to 
end to make five erection sections of about 
52-ft. length for the longer span, and thr 

sections of about 72 ft. length for th 
shorter span. A special sleeve liner was 
fitted to one end of each section and welded 
to it in the shop to facilitate alignment of 
abutting sections at the welded field 
splices of the arch ribs. Temporary 
welded clip angles were provided for a few 
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section bolts, but temporary support be- 
- ficld welding was provided mainly by 
the sleeve liners. 

Welding sequences and procedures were 
carefully planned and followed, one of the 
main objectives being to avoid distortion. 

Although the war and the occupation of 
France retarded progress so that the full 
vidth of the Neuilly bridge could not be 
opened to traffic until December 1942, 
the down stream part of the structure 
carried the traffic while the old bridge at 
the same location was being removed and 
while the upstream part of the new struc- 
ture was being built. Then both of these 
parts carried the traffic while the mid- 
width section of the bridge was being 

The Pont de Saint-Cloud (Fig. 14), a 
continuous welded girder bridge of 623 ft. 
total length and 98'/, ft. width, is com- 
posed of 5 intermediate spans of 103 ft. 
each and two 49-ft. end-spans, involving 
nearly 2000 tons of Ac 54, open-hearth 
Martin steel. The bridge is divided into 
one unit of four continuous spans and an- 
ther unit of three. 

From a design viewpoint this bridge is 
of special interest because the 13 lines of 
main girders are tied together with rigid 
transverse cross frames which function 
very much as Vierendeel trusses (Fig. 
|5), thus constituting a space frame with 
continuity in two directions. Without 
velding to effect a high degree of rigidity 
at the connections of the flanges of the 
ross frames to the flanges of the main 
girders, the design assumptions could not 


fig. 14—Saint Cloud, Continuous Girder 

Bndge Constructed Across the Seine River 

West of Paris Is of 98'/, Ft. Width, and 

lavolves Two Spans at 49 Ft. and Five 
Spans at 103 Ft. 


have been realized. A load at any point 
m one unit of the structure was assumed 
to cause simultaneous deformations in all 
the longitudinal and transverse members 
of the unit. 

It is evident that a pronounced condi- 
tion of biaxial stress and constraint is 
lievitable at such points as the intersec- 
tions of the flanges of the longitudinal and 
‘ransverse members. This constitutes 
jute a severe test of the notch toughness 
of the base metal as well as the weld metal 
i the joints at these intersections. The 
omputed normal and tangential stresses 
Were combined to determine the maximum 
principal stresses at such points, in the 
design calculations. 

With the main girders fabricated for the 
most part in sections of about 103 ft. in 
length, there was one field welded joint to 
be made in each intermediate span of the 
bridge. The girders which vary from 57 
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Fig. 15—-Sketch of Cross-Frames of the Saint Cloud Bridge 


to 66!/2 in. in depth, are composed of two 
“rib flanges,’’ 17°/, in. wide and of thick- 
nesses up to almost 2in. It proved to be 
necessary to machine the projecting ribs 
of the flange plates to correct for toler- 
ances of rolling at the mill. 

As can well be imagined, very meticu- 
lous care had to be exercised in fabrication 
as well as erection, to control dimensions 
and spacing and leveling of the girders, so 
that the cross frames would fit without 
eccentricity at their welded connections to 
the girder flanges, and would function as 
assumed in the design, to distribute loads 
to the main girders. 

The same remarks as mentioned in con- 
nection with the Boulevard Ney bridge, 
with reference to the use of flange-splice 
butt welds that are V-shaped in plan view, 
pertain to this bridge. However, with the 
care that was exercised, sound welds were 
evidently executed, because an extensive 
use of X-ray inspection was made on this 
project, prompted no doubt by the exper- 
iences that had just occurred at Belgium. 

In March 1940, the Saint-Cloud bridge 
was subjected to the official load tests that 
are customarily prescribed for all bridges 
in Europe and soon afterward was opened 
to traffic. 

An all-welded truss type swing bridge 
was constructed of high strength Ac 54 
open-hearth Martin steel, just before the 
war, across the lock for the transatlantic 
steamers at the port of Le Havre (Fig 
16). The trusses are of about 220 ft. total 
length, including a 142-ft. arm over the 
lock and a 79-ft. anchor arm. The bridge 
carries a 20-ft. roadway with a railway 
track along the center line and two can 
tilevered sidewalks. The trusses, which 
vary in height from 31 ft. over the axis of 
rotation to 12'/, ft. at the abutment, are 
of much the same details as a conventional 
riveted truss, with fillet-welded end con- 
nections of the chords and diagonals to the 
gusset plates; but the floor beam and 
stringer connections are butt welded, the 
latter including vertical, trapezoidal 


shaped, plate-bracket supports resting on 
the bottom flanges of the floor beams, and 
flush, butt-welded joints to connect the 
top flanges of the stringers to the top 
flanges of the floor beams. The floor, of 
cast steel plates with raised lugs, is welded 
in sections to the floor beams and string- 
ers, and covered with a bituminous wear- 
ing surface, thus resulting in a total deck 
weight (including floor beams and string 

ers) less than that of a wood deck. 


The specifications for the open-hearth 
steel material included a requirement for a 
notched-bar impact resistance ‘‘U. F.”’ of 
7 kgm./cm.?, which is approximately equal 
toa total absorbed energy of 25.3 ft.-lb. for 
the French standard specimen (Norme 
Francaise A03-106, February 1946), which 
is 55 mm. long (40 mm. clear span) and of 
square section 10 x 10 mm. and notched to 
half its depth, the notch having straight 
parallel sides with a cylindrical bottom of 
1 mm. radius, the test being made at 15 to 
25° C. To meet these requirements, it 
was found that special control had to be 
exercised, with some difficulty, over the 
scrap and other materials, and over all 
operations in the steel mill, including 
methods of killing, type and cropping of 
ingots, soaking and rolling temperatures 

Erection bolt holes were provided either 
in the main material or in temporary clips 
or brackets that were tack welded to the 
members. Some difficulties were exper- 
ienced in fitting (due largely to tolerances 
permitted in rolling the sections) es- 
pecially in the fitting of stringers to floor 
beams. 

A carefully planned sequence of welding 
was used to prevent distortion in the floor 
system, which would have resulted if 
shrinkages had been permitted to accum- 
ulate, a thing that occurred in one of the 
early welded bridges in the United States 

Spot checking of some of the welds in 
both the shop and field by probing with a 


Schmuckler reaming tool, was used to 
supplement visual inspection 


Fiq. 16—Highway and Railway Swing Bridge at Le Havre, France, Involves a 142-Ft. 
Span Over the Lock for Transatlantic Steamers, and a 79-Ft. Anchor Arm 
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Conditions existing at the time of com- 
pletion of the bridge did not permit the 
customary testing of the bridge under 
moving railway train loading. Therefore, 
to provide an equivalent static load, in- 
cluding allowance for dynamic load incre- 
ment, a water ballast proof loading was 
used as shown in Fig. 16. The deforma- 
tions measured in the various members 
under load indicated quite an appreciable 
participation of the floor system in bottom 
chord stresses. The proportionality of 
stresses to loads was verified in the various 
members within a maximum departure of 
6'/2% which was considered very satis- 
factory. 

This bridge withstood military bom- 
bardments which pierced thicknesses of 
the Ac 54 steel, as great as '3/), in. 


Other Foreign Bridges 


The longest welded bridge spans yet 
constructed are believed to be the two 
438-ft. camel-back, K-system, through 
trusses of a highway bridge (Fig. 17) over 
the Hawkesbury River in New South 
Wales, Australia, a deep, soft-mud bottom 
stream, which made the conventional use 
of falsework so difficult that the truss 
spans, each of which weighed 640 tons, 
were erected on pile falsework at the 
shallow side of the river, and then floated 
on barges into place, utilizing the rise and 
fall of the tide to pick up the spans from 
the falsework and lower them onto the 
pier bearings.'? 

The railways as well as the highway 
departments in Australia were early 
pioneers in welding and have constructed 
a good many important welded bridges in 
building up their experience prior to this 
outstanding achievement in 1944. 

Because of the difficulties anticipated in 
erection, it was decided that field riveting 
would be more convenient and perhaps 
less costly than field welding. However, 
because of the large size and thickness of 
the members, the shop fabrication which 
was all done by welding, constitutes an 
impressive step forward in welded bridge 
construction. 

Experience in the Dept. of Main Roads 
of New South Wales since 1934 is reported 
as having proved that not only is the 
weight of a welded truss about 20% less 
than a riveted one, but that on a basis of 
competitive bids, the cost is 15 to 20% 
less. 

The sloping compression chords vf the 
trusses of the Hawkesbury bridge are all 
of H-section. The end posts consist of 
two vertical flange plates, 30 by 2 in. and 
a horizontal web plate 12 by 1'/s in., 
joined by continuous fillet welds, thus 
providing a symmetrical section with 
nearly all the material in the flanges, 
which can easily be spliced or connected 
by either welding or riveting, and with 
sufficient stiffness that the members do not 
require lacing or diaphragms. 

The horizontal bottom chord members 
are of inverted U-section, less economical 
to fabricate than an H-section, but afford- 
ing an arrangement that does not form a 
trough where debris and water can be 
collected. These sections are composed of 
two side or web plates as heavy as 24 x 
13/, in. a top plate 16 x 7/, in., and a 
bottom flange 8 x 7/s in. for each web 
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Fig. 17—-Hawkesbury Bridge, New South Wales, Australia, Built in 1944, Involves 
Two Welded Truss Spans of 438-Ft. Length and 640 Ton-Weight, Each 


plate, all joined together with fillet welds. 
The heaviest shop-welded piece of a truss 
weighed 22'/, tons. 

To correct the tendency of the flanges 
of the H-sections to become permanently 
dished as a result of the angular distortion 
of the fillet welds joining them to the web, 
the flanges were presprung or dished in the 
opposite direction by clamping them to the 
welding table with a packing strip or shim 
about '/s or */;. in. thick, inserted along 
the middle of the flange, opposite the web. 
One of the principal advantages of using 
specially rolled flange plates with pro- 
truding ribs, as used in Germany, France 
and Belgium, is to avoid the tendency to- 
ward such dishing distortion. 

The longest approach spans, of 90 ft. 
length, have two lines of girders 7 ft. 3!/¢ 
in. deep with flange plates up to 2-in. 
thickness, spliced by butt welds in the 
shop. 

A two-span continuous welded girder, 
single-track bridge of 135 ft. length was 
built by the Swiss Federal Railways over 
the Birs River near Barschwil on the 
Bale-Delemont line, when its electrifica- 
tion made heavier loadings possible. A 
concrete deck slab, about 14!/, ft. wide and 
10 to 13'/. in. thick, overhangs the two 
main girders 3 ft. on either side of the 
bridge and supports a ballasted track. 
The deck slab is anchored securely to the 
top flanges of the girders to develop com- 
posite action. The system of reinforcing 
steel in the slab was carefully designed to 
distribute the concentrated stresses from 
the shear developers, throughout the deck 
slab, and to resist cracking of the concrete, 
expecially over the middle pier. To pre- 
vent an accumulation of stress from the 
shrinkage of the concrete, which would 
tend to crack the concrete and weaken the 
bond to the girder flanges, the slab was 
placed in sections of 28-ft. lengths, with 
supplementary reinforcing steel across 
dovetailed joints. 

For the sake of appearance, exterior 
stiffeners are omitted from the girders, 
except at the three points of support. All 
vertical stiffeners are attached to the 
girder flanges to prevent torsion in the 
flanges, but are welded so as to avoid 
transverse welds across the flanges. Both 
horizontal and vertical web stiffeners are 
provided. The girder flanges are of split 
beam T-sections. At sections where the 
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stresses reached 75° of the allowabi 
working stresses, butt-welded joints wer 
dressed smooth and flush with the plat 
surfaces to increase fatigue strengt 

Gussets for cross frames were welded on\ 
to the vertical stiffeners of the girder 

The ends of cover plates of the girder 
were attached with elongated transvers 
end welds combined with longitudina 
welds, this arrangement having been i: 
dicated as advisable, by numerous tests 
and by experience. 

The steel used for this bridge was a 
specially controlled mild-structural st 
ST 37. No difficulties were encounter 
during construction nor during subs 
quent service. 

Another all-welded Swiss bridge cor 
structed several years ago, over the Rho 
at Granges, near Sion, is a continuow 
highway bridge with a 148-ft. center spa 
flanked by 37-ft. end-spans, which ar 
anchored down at the abutments. Slender 
pier-bents of steel encased in concret 
hinged top and bottom, are supported by 
rather massive concrete stub piers. Th 
bottom flanges of the two lines of mai 
girders are reinforced at the points of hig 
negative moment at the piers, by chann 
cover plates with their flanges extending 
downward. 

An unusual procedure was adopted 
the welding of the two erection splic 
(which were located symmetrically in t! 
middle span at points of low bending 
moment) with the thought that this pr 
cedure would reduce the restraint agains! 
weld shrinkage during the welding of the: 


joints. By means of screw jacks on th 
falsework, each line of the continuou 
girders was given an excess camibe! 
throughout its entire length, while tem 


porary hinges were provided for the bot 
tom flanges at the erection joints, th 

causing the joints to open up more in th 
upper part. The bottom-flange spl! 

welds were made first, then the 

splices, welding from the bottom upwar' 

and finally the top flange splice welds. As 
this welding progressed from the bottom 
upward, the jacks were lowered to perm" 
a free rotation at both erection joi’ 
about the bottom flange. Of course, ther 
was no means of determining the efiect'v' 
ness of this unique procedure. Mar) 
other bridge girders have been splice 
without difficulty by welding, withou' 
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Fig. 18—Swiss Bridge, Providing Access to Hydroelectric Plant of Rupperswil-Auen- 


stein, Has Two Lines of Continuous Girders with 104-Ft. Center Span. 


Bridge Is 


Designed for Tractor and Trailer Load of 60 Tons, and Is Supported Upon Elastic, 
Flexible Stee] Pier-Bents 


such refinements. Residual stress measure- 
ments carried out in the United States to 
investigate the effect of various sequences 
and procedures of welding would lead one 
to question whet er the residual stresses 
would be altered appreciably by such a 
scheme as has been described. 

Some interesting welded details were 
involved in the construction of an access 
bridge to the new hydroelectric plant of 
Rupperswil-Auenstein in Switzerland 
which was completed in 1945 (Fig. 18). 
This bridge of narrow roadway is designed 
for a tractor and trailer load of about 60 
tons, for the transportation of heavy 
machinery parts such as turbine rotors. 
It is a continuous structure of three spans, 
88'/>, 104 and 82 ft. in length with two 
lines of steel deck girders carrying a rgin- 
forced concrete deck. It is suppofted 
upon slender flexible steel bents encased 
in concrete, the only expansion bearing 
being located at one of the abutments. 
The girders, of 55-in. constant depth, are 
composed of two split beam T-section 
flanges butt welded to a web 15/3. in. thick 
Vertical T-section stiffeners are attached 
to the girder-flanges by welding only the 
flanges of the stiffeners. 

This bridge is of particular interest be- 
cause of the treatment of the end of the 
girder cover plates which have rounded 
corners as shown in Fig. 19, with elongated 
end fillet welds, to avoid stress concen- 
trations at the corners. The toes of the 
end fillets were ground smooth in the 
manner described later in this paper in 
connection with fatigue tests made in 
Germany. 

A most unusual type of structure is the 
Tordera Bridge in the province of Bar- 
celona, Spain, built in 1945, in which 
fish-belly steel trusses of unique design are 
combined with reinforced concrete deck 
systems which serve as compression chords 
for the trusses (Fig. 20). The bridge is of 
21-ft. roadway and composed of three 
spans, about 148, 177 and 148 ft. in 
length, 

lhe bottom chord is made elliptical 
rather than parabolic, to provide a steeper 
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tween joints, under its own weight. 

Each diagonal is composed of two 
members with their bottom ends close 
together, where they are welded to the 
bottom chord, but with their top ends 
spread apart where they are welded to the 
steel reinforcing system of the concrete 
deck, thus producing a triangular form 
which provides lateral support for the 
bottom chords and eliminates the neces- 
sity for a bottom lateral system. With 
two points of attachment for the diagonal 
to the concrete deck, stresses are distri- 
buted more widely, which was an es- 
pecially important factor entering into the 
design calculations, in view of the stresses 
that would be set up due to differentials of 
temperature between the steel truss mem- 
bers and the concrete deck, that would 
exist at times in the completed bridge. 
Each of the two members of a diagonal is 
composed of two U-sections welded to- 
gether to form a box section. 

At the points of attachment of the 
diagonals to the concrete deck, where 
negative bending moments occur in the 
concrete stringers spanning between truss 
joints, special hooped reinforcement is 


provided, because the compression due 
i ae 60 
Fig. 19—Ends of Partial 
Length Cover Plates of 
i£ rners to improve Fatigue 
—250.15 4150 ' — 260.12 8000 j Resistance 


250. 7300 250. 


inclination at the supports, thus decreasing 
the secondary stresses and affording a more 
uniform distribution of load¢ to the diago- 
nals and reducing as much as possible the 
concentration of stresses at the upper joints 
where the diagonals are embedded in the 
concrete deck, The bottom chord is made 
of a wide flat horizontal plate to afford 
general flexibility and reduce secondary 
stresses, but it is provided with a shallow 
vertical stiffening rib along its center line, 
to prevent sagging of the flat bar be 


to bending is combined with the longi- 
tudinal compression derived from the 
action of the concrete deck as a compres- 
sion chord of the truss. 

A difference of 15° C. in temperature 
between the steel truss members and the 
concrete deck was found to be sufficient to 
cause a mid-span deflection of about 0.4 
in. upward or downward, as the case 
might be, which was greater than the live 
load deflection under test load. The tem- 


perature differential happened to be in 


Fig. 20—Erection of One of the Trusses of the Tordera Bridge Constructed in 1945 


in the Province of Barcelona, Spain. 


Bridge Contains Three Truss Spans of This 


Unique Design, 148, 177, and 148 Ft., in Which Reinforced Concrete Deck System 
Acts as Top Chords of Trusses 
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negative. 


fening system, acts as the tie. 
members are of H-section. 


girders. 


tinuous girder 


pier. 


develop composite action. 


other spans. 


plate. 


the camber 


splitting is performed. 


Name or Location River 


West Coast of South Paringa 
Island 


Whirokino Manawatu 
Tangiteroria, between Northern 
Whangarei and Wairoa 
Dargaville 
Maungataurari Waikato 
Rangitikei 


such a direction, at the time of the official 
load tests, that the net deflection was 


A umique welded bridge was built in 
1936 over the Namsen in Norway. 
long-span, hinged, polygonal, tied arch in 
which the entire deck, including its stif- 
The arch 


Itisa 


With the construction, in 1936, of the 
340-ft. span, welded arch bridge at Duis- 
burg, Germany, and the continuous girder 
bridge at Kalkberg, with spans up to 204 
ft., new records were established for maxi- 
mum span lengths for welded arches and 


A number of interesting all-welded con- 
highway bridges, 
span lengths up to 130 ft., have been built 
during the last 10 years in New Zealand, 
where the Public Works Department has 
adopted the H20-S16-41 loading of the 
American Association of State Highway 


Officials. Some of these bridges are listed 
in Table 3. 
The girders of these bridges have 


parallel flanges throughout about three- 
fourths of the length of each span, and they 
are haunched quite deeply over every 
By means of angle-cleat shear de- 
velopers welded to the top flanges, they 
are anchored to concrete deck slabs, to in 
Field-welded 
splices are provided in every alternate 
span, with hinged and sliding bearing 
joints supporting suspended decks in the 


It has usually been necessary to use 
flame shrinking (spot heating) to correct 
distortion that occurs fre- 
quently when such an operation of beam- 


17 at 88 ft. 


At the haunches, the bottom flange 
portions are berit to the correct curvature 
and a triangular-shaped plate is inserted 
to extend the web to the required depth. 
Where extra depth is required in the con- 
stant depth sections, a web plate is intro- 
duced and welded between two portions of 
a split beam, butt-welded joints being 
used in all cases. 

Partial length cover plates are used in 
some cases. Transverse bracing members 
between the girders are made of rolled 
channels, except at the piers where the 
cross frames are made of angles. 

Since the girders are quite flexible, and 
only a small amount of falsework was 
used, and it was removed before the con- 
crete deck was placed, a carefully worked- 
out sequence of pouring the concrete was 
necessary, to realize the proper final dead 
load deflections in all spans and provide a 
smooth riding surface. 

Prof. Ing. Dr. F. Faltus of Prague has 
informed the writer that of the various 
welded bridges built in Czechoslovakia, 
beginning in 1930, all those in Bohemia 
are still in good order, and no difficulties 
have been experienced in any of their 
welded bridges. All the bridges built in 
Slovakia were destroyed during the war. 
Nearly all of the structural steel produced 
Czechoslovakia is Siemens-Martin, 
open-hearth steel (some of it rimmed 
steel). All of their welded bridges have 
been constructed of ST 37 steel, except 
one, for which high-strength ST 52 steel 
was used. 


with 


The deeper girders are fabricated from 
rolled I-sections (or wide-flange American 
beams in some cases), which are split by 
machine gas cutting along a line 3 in. 
above the bottom flange, using a special 
head which splits the beam and at the 
same time bevels both edges of the cut, to 
prepare them for welding to the web 


Fatigue Tests of Welded Splices and Cover 
Plates of Steel Beams 


With the resumption of an exchange of 
technical literature with Germany after 
the war, results of their more recent 
fatigue tests are now available in the New 
York Public Library, as reported by Prof. 
Otto Graf in 1942.!* The tests were car- 
ried out on rolled-steel beams of mild- 
carbon steel (ST 37), approximately 12 x 
5 in., with the object of determining 
fatigue strengths for 2,000,000 cycles of 


pulsating stress (ranging from 0 t 
mum). 

Butt-welded flange-splices, skew. 45: 
rather than normal to the edges «/ th 
flanges, showed an increased resista 
about 12°) over ordinary norma! byt; 
welds. However, in the report it is stated 
that in thick flanges, such oblique (skewed 
butt welds have been found more difficy}; 
to make than simple butt welds, ang 
therefore there has been a tendency to 
reject their use in practice. 

Also in this same report, equally high 
values (25,000 psi. for 2,000,000 cycles of 
pulsating stress, as compared with about 
31,000 psi. for a plain unwelded beam and 
about 16,000 psi. on the gross section for g 


e of 


test beam with riveted splices) are shown ° 


for a butt-welded splice with short cover 
strap reinforcements on the flanges, when 
the size and proportions of the end fillet 
welds are properly chosen and the toes of 
the welds at the ends of the cover straps 


are machined with a small, portable, spher 
ical, rotary milling file or cutter of '°/» ir 
diam. 


It was found to be very important that 
the transverse end fillets, and preferably 
the ends of the longitudinal fillet welds, 
be made of substantial size. This was 
true for beams with partial length cover 
plates as well as for butt-welded splices 
with cover straps. 

This same program included tests of 
five series of cover-plated beams, for a 
study of the effect of varying the size of 
fillet welds at the ends of the cover plat: 
from a *4/,<-in. throat to a °/;.-in. throat 
the cover plates being about 1 in. thick 
and the beam flanges about '/,2 in. thick 
Also, the effect of using elongated end 
fillet welds was studied, using a 22 
angle of inclination of the face of the weld 
to the plane of the flange, to compare wit! 
a 45° weld of equal legs. 

By increasing the size of end fillet welds 
from a */j»-in. throat to a '/9-in. throat 
(using a 22° inclination), the fatigue 
strength for pulsating load and 2,000 (0 
cycles was increased from 13,300 to 21,/() 
psi. A satisfactory comparison could not 


New Zealand, from 1939 to 1948 


Table 3—Welded Continuous Girder Highway Bridges, with Suspended Decks in Alternate Spans, Constructed in 


Max. 
Depth 
of Girders Depth of Wt. ol 

No. and Length Total No. and Ctrs. Over Girders Steel 

of Spans Length Roadway of Girders Piers at Mid-Span = Tons 
6 at 81 ft. 8 in. 1415 ft. 12 ft. 2 at 8 ft. 5ft.3in. 2 ft. 0 in. and 
8 at 80 ft. 0 in. 2 ft. 6 ir. 
2 at 61 ft. 5 in. 
2 at 61 ft. 10 in. 
1 at 40 ft. 1 in. 
2 at 60 ft. 590 ft. 24 ft. 3 ft. 0 in. 
2 at 80 ft. 
2 at 100 ft. 
1 at 110 ft. 
1 at 58 ft. 9 in. 608 ft. 24 ft. 2 at 17 ft. 10 ft. Gin. 6 ft. li 
3 at 80 ft. 
1 at 100 ft. 
1 at 120 ft. 
1 at 89 ft. 4 in. 
2 at 60 ft. 611 ft. 24 ft. 152 
2 at 80 ft. 8 in. 
2 at 100 ft. 
1 at 130 ft. 
Z2at65ft.1llin. 1628ft. 24 ft. with 4- 5 at 6 ft. 8 in. 
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rhe « of elongating the fillet welds to a 
99° inclination. This appeared to afford 
at least a slight advantage, but most of the 
increase in strength was no doubt due to 


the increase in size of end fillet welds. 

In this German program, as well as 
ther European research, and research in 
the United States, longitudinal fillet welds 
alone, without transverse end welds, have 
shown very poor fatigue resistance; and 
ends of cover plates and straps that are 
tapered in width almost to a point have 
shown much poorer fatigue resistance than 
square-end cover plates with transverse 

nd welds of substantial size. It seems 
likely that some benefit might well be ex- 
pected from rounding the corners of the 
end of a cover plate somewhat, as used for 
the Rupperswil bridge (Fig. 19). 

The fatigue strengths of the butt-welded 
eam splices tested in this program would, 
no doubt, have been improved if some 
satisfactory, practical scheme had been 
used to eliminate small defects in the 
flange-splice welds at their mid-length 
points at the junction with the web, where 
the accessibility for welding from the in- 
side face of the flange is not very good. 
Small defects found at all such locations, 
provided a starting point for fatigue failure. 

The solution adopted quite widely in 
Belgium and France to solve this difficulty, 
ind likewise used extensively in American 
Shipbuilding and in some American 
bridges, is to cope a small smooth hole at 
the end of the groove for the web-splice 
veld to afford access for welding across 
the flange butt welds.'* If this hole is en- 
larged somewhat after completion of the 
web weld, this procedure will also remove 
defects at the ends of the web weld. In 
drop-hammer impact tests and static 
tests at Columbia University,’ this coped 
hole has been found to create rather large 
stress concentrations in the web, but 
they are probably not as great or as highly 
localized as the kind of flange-weld defect 
that might occur without good access for 
welding 

The results of the German program indi- 
cated no appreciable reduction in fatigue 
strength of beam splices at points outside 
the load points, where shearing stress is 
combined with bending stress, as compared 
with splices subjected to pure bending 
stress. 

Some American engineers who have be- 
come familiar with welding research have 
not been inclined to attach much impor- 
tance to the high fatigue strengths that 
can be realized by smoothing the toes of 
suitably proportioned end fillet welds, as 

carried out in this test program; and, in- 
deed, in the case of partial length cover 
plates it would often be less expensive to 
extend the cgver plate to a region of lower 
stress, than to carry out even the kind of 
simple mechanical treatment that has 
been described. However, merely the 
running of a portable, rotary, spherical 
file along the toes of the end fillet welds 
and the toes of the last inch or two of the 
side fillet welds, would not seem to be a 
very expensive or time-consuming opera- 
tion. It might well be done at fillet 
welded end connections of axially stressed 
members when concern about fatigue 
failure is warranted. Certainly, bridge 
engineers can take advantage of the re- 
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search evidence that indicates the ad- 
vantage of using end fillet welds of sub- 
stantial size. As mentioned in a previous 
paper by the writer'® there is evidence in 
the data from fatigue tests made at the 
University of Illinois for the Welding Re- 
search Council that the use of adequate 
sizes of end fillet welds increases fatigue 
strength a good deal. 

The limited number of fatigue tests of 
riveted and bolted joints that have been 
reported show at least as wide a variation 
of fatigue strengths as for similar joints 
made in overlapped material by means of 
fillet welds, depending upon the refine- 
ments taken in design and fabrication 
for example, the careful matching of drilled 
or reamed holes which are then com- 
pletely filled by the shank of a rivet or 
turned bolt, the creating of higher tension 
in the rivet or bolt, packing plates to- 
gether tightly at joints; also giving special 
attention to the arrangement or grouping 
of the rivets, the number of transverse 
rows, etc. These facts have led designers 
to a preference for butt-welded splices, 
especially when fatigue resistance is really 
important. 

In this light, it would appear that the 
refinements needed to insure better fa- 
tigue resistance at a lap joint or end con- 
nection are perhaps less costly and meticu 
lous, and surely more effective, in the 
case of fillet welded joints than in the case 
of riveted joints. When fatigue loading 
is actually an important consideration in a 
structure, details like partial length cover 
plates would be avoided in either welded 
or riveted work, unless such refinements 
as have been mentioned are carried out, 
or perhaps the terminations of the cover 
plates carried to points of low stress, if 
this is practical and less expensive. 

Because of fatigue failures that have 
occurred in railway bridge girders in 
Canada, at rivet holes adjacent to the 
ends of the partial length cover plates, 
The Canadian National Railways have 
adopted the practice of applying full 
length cover plates on tension flanges in 
all bridge repair work. 

A type of failure that is reported to 
have occurred quite frequently in Cana- 
dian railway bridge stringers (with copes 
at their ends, reducing the depth of web 
to that of the riveted connections) is a 
diagonal web fracture extending from the 
re-entrant corner of an upper cope at one 
end of the stringer to a similar cope at the 
bottom of the opposite end. This af- 
fords a good example of the influence of a 
notch effect or abrupt change in section 
Because of the direction of the fracture, 
and the possible influence of cold service 
temperatures (which reduce notch tough- 
ness but apparently do not reduce fatigue 
resistance), these diagonal web fractures 
suggest the possibility of repeated, con- 
centrated stresses beyond the yield point 
having reduced the notch toughness of 
the steel material to a point where it may 
have failed by sudden, cleavage type frac- 
ture underimpact. This is a phenomenon 
that is being investigated by research in 
the U.S.A, at the present time. 

It is possible that many so-called fa- 
tigue failures at severe stress raisers, as 
experienced in research tests as well as in 
service, may have involved extensive, 
local, work hardening; and therefore they 
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may be fundamentally of a nature quite 
different from the fatigue failure of a 
smooth, polished test specimen, or a 
small, carefully finished machine part. 

Another type of web fracture that has 
occurred in service, is one along the toes 
of riveted bottom flange angles at the end 
of a girder over the bearing shoe, due to 
inadequate stiffener-bearing. These de- 
fects are repaired by welding to restore 
the web section, and then welding the 
stiffeners to the bottom flange to provide 
adequate bearing. 


Design Specifications 


The AMERICAN WELDING SocreTy was 
one of the first organizations to formulate 
comprehensive standard specification pro- 
visions for welded bridges, although, when 
the committee started work in 1934 on its 
first edition, it had to draw extensively 
upon foreign research and experience, 
supplemented by judgment based upon 
riveting specifications, for provisions re 
lating to maximum spacing of weld incre 
ments, ratios of thickness of material to 
unsupported or unstiffened widths of 
plating, etc. As more experience and re- 
search data have become available, from 
our own country as well as from abroad, 
the provisions of subsequent editions have 
been changed to reflect advanced informa- 
tion. The general principle followed has 
been one of conservatism. Consequently, 
the specifications still contain some rather 
restrictive provisions that have seemed to 
some engineers to be unwarranted. The 
committee is continuing with its study of 
prevailing practices, the provisions of other 
specifications, and comments that have 
been received from those who have used 
the A.W.S. specification or parts of it in 
their work. The committee will be glad 
to receive further suggestions at all times 

A provision which has been questioned 
quite extensively, and which is appar- 
ently not followed in practice, is one which 
requires rather meticulous preheating to 
be done, invariably, in cases involving 
parts of 1'/, in. or greater thickness, and 
further requires furnace stress relieving 
for all important assemblies in which ma- 
terial over 2 in. in thickness is welded to 
material of half its thickness or less. 

Although a judicious use of preheat has 
been made in bridge construction, espe- 
cially in cold weather, no stress relieving 
has been done. Many bridges have been 
constructed with greater disparities of 
thicknesses welded together than that 
mentioned in the specifications. In some 
cases, girder flanges as thick as 3 in. have 
been fillet welded to */s-in. thick web 
plates, often without preheat, by a pro- 
cedure that will be described later. 

Another provision that has been ques- 
tioned is that relating to the minimum 
size of fillet weld that may be deposited on 
various thicknesses of material. In Table 
4 are given the provisions of the AMERICAN 
WELDING SocieTY, together with those of 
the Canadian Standards Assoc., and also 
those recommended for mild-steel ma- 
chinery construction by a committee of the 
British Welding Research Association. 

The Canadian specifications are based 
largely upon welding procedures that they 
have found to be the most economical in 
their bridge construction, and which have 
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Table 4 


(a2) AMERICAN WELDING SOCIETY 


Size of Fillet Maximum Thickness 
Weld, In. of Part, In. 
3/16. 1/s 
8 6.05 2 
6 


(6) Canadian Specifications for Bridges 
and Machinery 


Minimum Size of Thickness of Thicker 
Fillet Weld Part, ¢ 
...Up to 1 in. 
3/, in. ....Greater than 1 in. 


(c) B.W.R.A. Recommendations for Ma- 
chinery 


Minimum Size of Thickness of Thicker 
Fillet Weld, In. Thicker Part, In. 
5/16 3/16 to 3/4 
5 ‘16 1'/, to 17/s 


proved to be satisfactory even during 
rather cold weather. Rather than em- 
ploying a general and extensive use of 
preheat where comparatively thick ma 
terial is involved, they control cooling 
rates by using a step-by-step multiple- 
pass weld (at least two passes), depositing 
each subsequent pass in a step before the 
next previous pass has cooled to the point 
where it might crack. In this way they 
have been successful in using two-pass, 
*/s-in. fillet welds on girder flanges up to 3 
in. in thickness, when there were no other 
considerations, aside from that of welding 
procedure, that would require larger welds. 
From 1 to 1'/, in. thicknesses of material, 
they specify a larger size weld than that 
specified by the AMERICAN WELDING So- 
CIETY (*/;-in. fillets) which usually result in 
the use of multi-pass welds, accompanied 
by the technique that has been described. 


One of the incidental benefits of using 
welding is that quite often the application 
of a different method of construction leads 
designers to a more critical examination of 
old general, rule-of-thumb provisions for 
design. This usually results in more ra- 
tional, better balanced design and saving 
in cost of the structure. 


For example, the bridge department of 
the State Highway Commission of Kan- 
sas found that the rule used for propor- 
tioning webs of plate girders, at points 
subjected to compression due to bending, 
as well as shear, is sometimes unneces- 
sarily restrictive in requiring that the 
maximum value of h/t shall be 140, when 
stiffeners are provided. Even when ra- 
tional calculations are made, based upon 
the theory of elastic stability’? and re- 
search measurements to verify the point 
where elastic buckling starts, there are 
many cases encountered in practical de- 
sign where much greater maximum allow- 
able h/t values may be used and a suf- 
ficient factor of safety will still be pro- 
vided. 
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Further, it has been found by experience 
that some bridge girders, as well as build- 
ing girders, structural parts of aircraft, 
steel railway car sides, etc., will give en- 
tirely satisfactory performance, when 
a certain amount of elastic buckling is 
visualized in the design, along with recog- 
nition of the amount of reserve strength 
which is still available in the web before 
the girder would fail by some other mech- 
anism of behavior. 

In gathering data and experience records 
on this subject, the writer has been in- 
formed that no such limiting values of h/t 
have been imposed by Canadian specifica- 
tions. Stiffened plate girders of steel 
bridges have been built recently with 
h/t values at least as great as 370. 
Inspection records of railway bridges as 
well as highway bridges, kept over a 
period of many years, for girders with 
quite large h/t values, have never re- 
vealed any indications of inadequacy, 
even when corrosion has become rather 
severe; with the exception of two cases 
of buckling reported for very slender webs 
of old wrought iron box-girders, built 
about 1870. A number of such girders 
were built during that period, with web 
plate thicknesses of !/, to */;, in., and 
girder depths from 7 to 10 ft., thus in- 
volving h/t values of the order of 600 
With their stiffeners spaced at intervals of 
about 11/2 times the girder depth, it is not 
surprising that two cases of web buckling 
have occurred. 

Railway bridge maintenance experience 
in Canada and experience in dismantling 
and inspecting old railway bridge girders 
have revealed some longitudinal shear 
failures in webs of girders, through lines of 
rivet holes connecting the web to the top 
and bottom flange angles. This is a kind 
of weakness that is avoided in a welded de- 
sign with continuous fillet welds joining 
the web to the flange plates. 

Table 5 furnished by the Office Tech- 
nique pour |’Utilisation de l’Acier, Paris, 
gives the current provisions in a number 
of countries for proportioning the webs of 
plate girders. For comparison, the cur- 
rent provisions of the American Institute 
of Steel Construction for building con- 
struction are also included. The provi- 
sions of France, Belgium and England are 
of the same type and quite similar to those 
of the A.I.S.C., which prescribes 170 as 
the maximum allowable value for h/t. 
In Italy there are no stipulations regarding 
the maximum allowable value of the ratio 
of depth of web to thickness. Both Ger- 
many and Italy put the design upon a more 
rational basis, taking into consideration 
the critical buckling stress for the size of 
panel that is involved between stiffeners. 

In Germany, considerably greater values 
for h/t than 170 or 180 as commonly speci- 
fied, are permitted when the web is ade 
quately stiffened, perhaps by horizontal 
or diagonal stiffeners as well as vertical 
stiffeners. 

Web stiffeners for girders with wide 
flanges can also be designed to good ad- 
vantage by a rational method in some 
cases. If, for some reason, a wider plate 
or bar is used for a welded web stiffener 
than that required by a rational analysis, 
the application of the type of general rule 
often imposed would require the thickness 
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of the stiffener to be increased 
This would not seem to be rr uire¢ 
by an interpretation based upon the 4, 
parent general intent of the specifi tions 
of the American Institute of Stee! Cop 
struction, which provide that when a pry 
jecting element exceeds the wicdth+ 
thickness ratio prescribed, but would con 
form to the requirements in this respect 
and satisfy the stress requirements, with 
portion of its width considered as removed 
then the member will be considered me 
ceptable without the actual removal of th, 
excess width. 

In one case investigated, that of a fou; 
span, continuous girder bridge of 457-4; 
total length, it was found that a grea; 
deal of steel material could be saved, wit} 
little, if any, increase in cost of fabric, 
tion, by applying a rational method of & 
sign based upon the theory of elastic st, 
bility rather than upon more or less arb; 
trary specification rules of the kind tha: 
have been mentioned. In the girder 
webs, some 17,000 Ib. or 4% of the weigh 
of the girders could be saved, to whict 
could be added an additional saving of 
52,000 lb. or 13% of the total weight, in th 
stiffeners. 

If it is proper to design bridge girder: 
as airplane structutes, railway car sides, 
etc., are often designed, taking into con 
sideration their reserve strength after 
elastic buckling has started, even greater 
savings than those cited could be mac 
In view of the long record of good per 
formance for Canadian girder bridges, it 
seems that careful study and research ar 
warranted to see whether we are not neg 
lecting some good opportunities to mak 
important, legitimate savings in the cost 
of our girder bridges. 

It is not likely that many bridge engi 
neers would design their girders with the 
anticipation that much elastic buckling 
would occur in the webs, under the desig 
loading. However, with adequate in 
formation from research and experience, 
to apply in a rational analysis to evaluat: 
the further reserve strength after the star! 
of elastic buckling, it might be deemed 
logical to reduce the safety factor agains! 
such buckling, and perhaps, in some cases 
to design for stresses that are little, if any, 
below the critical buckling stress. 
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Welding in Reconstruction of War- 
Damaged Bridges 


Welding has played an important par' 
in the reconstruction of bridges damaged 
during the war. Some difficult problems 
have had to be solved. In France, som 
old railway bridges of wrought iron, of « 
quality and texture not well suited to weld 
ing, have been repaired using 
procedures developed by tests, such as the 
building up of plate edges with a deposit 
of mild-steel weld metal, before joining 
them together. 

In Belgium, reconstruction of bridges 
started soon after the invasion of 140 
while the country was still occupied by th 
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Germans. Since a large part of the fabri 
cating facilities were organized «nc 


equipped for riveted work, it was decide¢ 
to use riveting for the first bridges to > 
reconstructed. Eventually, the constr 
tors, themselves, asked the Administratio! 
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of Roads and Bridges to consider again the 
ye of welding in certain structures. 


The Administration, after considering 
‘he matter, decided that welding should 

placed upon an economical, nation- 
vide basis, and that the application of 
elding was: not merely a technical and 
«ientific problem. They decided that, 
to prevent their steel-making and fabri- 
ting industries from becoming anemic, 
;a result of blindly following old routine 
precedents, it was advisable to give them 
the opportunity to carry welded construc 
ion further, using the equipment and 
ian power that they had developed and 
yalified for this purpose. Further, the 
se of welding would effect important 
savings in material which would be of 
itmost importance in view of steel short- 
iges 

Accordingly, a committee was appointed 
study the matter and to set up revised 
specification provisions for weldable steel 
iaterials, electrodes and methods of con 
truction. In view of the accidents of the 
\Jbert Canal bridges which had occurred 
hortly before that time, the committee 
eemed it advisable to stay well within 
known safe limits, especially with respect 
to choice of materials; and to give its 
greatest attention to the matter of welda- 
ility of steel materials, including their 
ehavior in structural members. 

The extensive studies and tests, carried 
it under the auspices of the committee, 
ed to the compiling of a comprehensive 
nd detailed set of tentative provisions 
ering the steel materials and procedures 
for welding it. These provisions were ap- 
lied in the construction of a vertical lift 
ridge known as “‘le pont de la Pecherie”’ 
t Ghent, constructed of Siemens-Martin, 
pen-hearth, fine-grained mild steel, fully 
killed, nonsensitive to aging. 

This program coincided with special 
tudies and research in other countries, 
uch as those that have been mentioned in 
mnection with Neuilly and Saint-Cloud 
ridges in France. 

Research and development work have 
een continued up to the present time, 
vith much more elaborate and costly 
programs of testing in the United States 
nd England, carried out largely in con- 
unction with the wartime shipbuilding 
rograms. These later programs have 
ncluded investigations of a practical 
iture as well as a great deal of scientific 
research. 

Today it is reported that fully killed, 
ine-grained, Thomas steel of high quality 
s being produced regularly in Belgium, 
france, Germany, England and perhaps 
ther countries of Europe to meet the 
exacting requirements that have been 
established. 


Conclusion 


Some 70 welded railway and highway 
ridges, involving fabricated plate girders, 
trusses or rigid frames, and with span 
engths up to 180 ft., have been reported 
in the United States and Canada from 
1926 to date. Many smaller, less im- 
portant bridges have been constructed 
entirely by welding or with an extensive 
ise of welding in their fabrication. With 
the exception of a few distortion problems, 
nearly all of them of minor importance, 
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Table 5—Formulas Used in Various Countries for Calculating the Permissible 
Proportions of the Depth and Thickness of the Webs of Plate Girders, and for 
Determining the Maximum Distance Between Stiffeners 


1. U.S.A.—Specification of the A.I.S.C., February 1946 


h = the clear depth between flanges, in inches (clear depth between angles of 
riveted girders or between the beginning of fillets of rolled beams) 

the thickness of the web in inches 

the greatest unit shear in the panel, in pounds per square inch, under any 
condition of complete or partial loading 

d = the clear distance between stiffeners in inches 


eu 


Maximum h/t = 170 


If h/t is equal to or greater than 70, intermediate stiffeners shall be re- 
quired at all points where v exceeds 64,000,000 /(h/t)?. 

The clear distance between intermediate stiffeners, when stiffeners are 
required by the foregoing, shall not exceed 84 in. or that given by the 
formula: 


11,0001 
vo 


I (a). U.S.A.—A.A.S.H.O. Standard Specifications for Highway Bridges, Edition of 
1944 


D = the clear distance, in inches, between flanges (including any side plates 
d and t are as defined for A.1.S.C. specification 
s = average unit shearing stress, gross section, in web at point considered 


d= 


For carbon steel: 

Under no circumstances is t permitted to be less than */2 WD, even when 
longitudinal stiffeners are used (with gage line of longitudinal stiffener placed 
at a distance '/;D from toe of compression flange) 

Further, if longitudinal stiffeners are not provided, ¢ shall not be less than 
D/170. 

When h/t exceeds 60, vertical stiffeners are required at intervals not 
greater than 6 ft., nor greater than that given by the formula: 

d = 9000t/V/s 
I (b). U.S.A.-A.R.E.A. Specifications for Steel Railway Bridges, Edition of 1947 


h = clear distance between flanges 
d, t and s are as defined above under A.A.S.H.O. 


t shall be not less than 4/170, except that if the extreme fiber stress in the com- 
pression flange is less than that allowable, the denominator 170 may be multi 


plied by the factor V p/f, in which: 


p = the allowable extreme fiber stress, and 
f = the extreme fiber stress in the compression flange 


Provisions for intermediate stiffeners are same as A.A.S.H.O., given above, 
except formula for minimum spacing is: 


d = 10,500t/V/s 


Il. France—Specification of December 1946, Ministry of Reconstruction, ete. The 
depth of web is measured in the same manner as in the United States 


e = thickness of the web 
h = depth of web 
d = distance between stiffeners wy. 
ry = maximum unit shear in kilograms per square millimeter (this term does 
not appear in the French regulations but it does appear in the Belgina 
regulations 
h/e shall not exceed 167 . 
Stiffeners required when h//e is greater than 71.4 
Distance between stiffeners, in meters: 
d = 0.5 + 100 (e/h), but not to exceed 1.90 meters 
Il]. Belgium—Belgium has adopted the specification of the American Railway Engi 
neering Assn., Edition of 1935, translated into their units and nomenclature as 
follows: 


Nomenclature as given above for France, but h = the total depth of the web 


h/e shall not exceed 170 ; 
Stiffeners required when h/e is greater than 60 
Distance between stiffeners, in millimeters: 


9020 a, 


d = — ‘ve/h), but not to exceed 1.850 meters 
r 
lV Great Britain—Regulations of 1937 and draft of 1946 


The depth of web, h, is interpreted the same as it is in the United States 
d = clear distance between stiffeners 
e = thickness of web 

h/e shall not exceed 180 

Stiffeners required when h/e is greater than 60 

Distance between stiffeners: 


Minimum d = h 
Maximum d = 6 ft. 
(Continued on next page) 
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V. Italy Regulations of the second half of 1945 
No special or particular stipulations with regard to ratio of depth of web to 
thickness. 
Stiffeners required when //e is greater than 50 
Distance between stiffeners: 
Maximum = 1.800 meters 
The critical stress R,, producing buckling of the web is given by the following 
formula: 
h?\ 
Re = (11,000 + 7500 * 
in metric tons per cm.?, in which Af, d and e are as defined for France. 
VI. Germany—Specification of August 20, 1940 


For webs of which the four edges are held by riveting, the following formula 
is applied, in which h is the depth of the web between the lines of rivets of the 
top and bottom flange angles, and \ = I/r, the greatest coefficient of slenderness 

the thickness of the web, and d = distance between stiffeners: 


of the web, e = 


(Table 5 Continued) 


h/e not greater than 35 (1 + 4/100) 


Stiffeners—no special stipulation regarding the distance between stiffeners 


The critical buckling stress R,, that will produce buckling of the web is given 
values being given in metric tons per square 


by the following formulas; 
centimeters: 


If d is greater than h, 


If d is less than h, 


Rer = 1898(e/h)*[5.34 — 4(h/d)?| 


Rer = 1898(e/h)*|4.0 — 5.34(h/d)?*| 


no difficulties have been reported during 
construction or during service. Fabrica- 
tors have learned how to solve distortion 
problems. 

Welding has been used very extensively 
in bridge repair and strengthening work 
for quite a number of years in the United 
States, especially by the railways, fre- 
quently for members or details that carry 
major responsibility, and often under con- 
ditions that have presented more difficult 
problems of application than would be en- 
countered in new construction where there 
is always more freedom for applying the 
most desirable welding procedures and 
sequences. 

A much larger volume of welded bridge 
construction has been carried out in 
European countries. In a few of their 
structures, serious difficulties have been 
encountered which are largely attributable 
to the use of the then prevailing grades of 
Thomas steel materials, which were found 
to be unsuitable for welded construction, 
and which were not of the same type of 
steel as that used for American bridges. 
No difficulties have been reported for 
European bridges that were constructed 
of Martin, open-hearth, killed steel; 
nor have any difficulties been reported in 
welded building construction, regardless 
of what type of steel has been used. : 

Improper details of design and construc- 
tion procedures have been important con- 
tributing factors to some of the difficulties 
that have been experienced in a few 
European bridges. 


The causes of the difficulties, with re- 
spect to steel materials as well as details of 
design and workmanship, have been recog- 
nized and corrected through research and 
experience, and this work and study are 
reflected now in specification provisions. 

Welded bridge construction has now 
been placed upon a basis of sound engi- 
neering control throughout most of the 
countries of the world, with a long back- 
ground of experience, which enables such 
construction to be carried out in a satis- 
factory economical manner, with construc- 
tion cost savings reported to be as great as 
20% or more for truss, girder and rigid- 
frame types of bridges. 
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Welded Stamped Grid Resistors 


By W. J. Kutcher* and A. L. Ward* 


This paper discusses the design of a new 

stamped grid resistor made from a high resist- 

ance alloy and describes the méthod of welding 
used in its construction. 


“RID resistors are used in transportation and 
industry for limiting the current to electric 
J motors during starting, for controlling the speed 
and torque of motors, and for regulating the power of 
other equipment such as electric furnaces. This type of 
resistor has, in general, a high ampere rating when com- 
pared with a continuous wound coil resistor. 
- For a long time grid resistors were made only of cast 
ion. In recent years, alloy steels have been developed 
which have a high specific resistance and a low tempera- 
ture coefficient of resistance. These materials are now 
widely used in the design of resistors of various types. 


The Cast Grid Resistor 


The cast grid resistor is made by assembling a number 
{ flat resistor elements called “‘grids,’’ in a frame con- 
sting of two or more insulated steel rods supported by 
isteel plate ateachend. A cast grid consists essentially 
{a number of U-shaped convolutions terminated at 


each end by a boss considerably thicker than the body 


i the grid, which gives the desired spacing between 
grids. Each boss is provided with a hole or slot, for 
mounting on the insulated support rods. A _ typical 
ist grid is shown in Fig. 1. 

When a section is assembled, alternate pairs of grids 
at opposite sides of the section are in contact, the 
remaining pairs being separated by insulating washers, 
so the current will pass through all the grids in series. 
lerminals and intermediate taps are provided by flat 
plates placed between the grids. Good electrical contact 


* The Electric Controller & Mfg. Co., Cleveland, Ohio 


Fig. 1—A Typical Cast-Iron Resistor Grid 


between grids is obtained by grinding their edges, and 
by clamping them together very tightly with nuts on 
the ends of the support studs. A typical cast-iron grid 
section is shown in Fig. 2. 

Grid resistors are better suited for high ampere ratings 
than coil wound resistors. It is customary to use several 
grid castings, differing in the number and cross section 
of their convolutions, to cover a range of continuous 
ratings from around 25 to 150 amp. Sections may be 
made using one grid size only, or may have a tapered 
rating by use of two or more grid sizes. Also higher 
ampere ratings can be made by connecting grids or sec- 
tions in parallel. 

Cast-iron grid resistors are convenient because a 
large number of sections having different ohmic values 
and ampere ratings can be assembled from a few grid 
sizes, usually about five or six. They are able to with 
stand heavy overload currents for short periods and are 
not seriously damaged by operating at a temperature 
considerably above their normal rating. On the other 
hand, serious defects are inherent in resistors of this type. 

1. Cast-iron grids of thin section may break under 
severe vibration. This imposes a limit on the sections 
that can be used on certain types of moving equipment. 

2. Because the quality and dimensions of castings 
are not uniform, a considerable variation in the resist- 
ance of similar sections is unavoidable. In addition to 
this, cast iron changes its resistance considerably as the 
temperature rises, this amounting to 25 or 30°) from cold 
to the usual operating temperature. The effect of these 
variations makes it difficult to predict the exact ohmic 
value of a resistor at any time during its operation. 

3. The compressive force necessary to maintain good 
contact between the grids is difficult to maintain in 


Fig. 2—-Cast Grid Resistor Section 
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service because the studs gradually stretch under con- 
tinuous tension. When this compressive force de- 
creases, the contact resistance between the grids in- 
creases, causing local heating that may eventually result 
in the destruction of the stud insulation. 

In an attempt to overcome the first of these defects, 
various grades of alloy cast iron are in use. This results 
in grids of improved ductility and consequently the pro- 
portion broken in service has been reduced. However, 
breakage has not been eliminated, nor have the other 
inherent defects been improved by this change in 
analysis. 


The Stamped Grid Resistor 


It has been apparent for a long time that grid break- 
age could be practically eliminated by using grids made 
of rolled steel sheet. Ordinary grades of low-carbon 
steel sheet are not particularly suitable for this purpose 
because of their low specific resistance. Within the last 
few years the development of special alloys having high 
electrical resistance and other suitable properties has 
permitted the design of stamped grid resistors of reason- 
able size. One particular alloy now available in rolled 
sheet form has a very high specific resistance, and a very 
low temperature coefficient of resistance, making it ideal 
for this application. 

Stamped grids are of uniform thickness, including the 
eye portion, therefore it has been customary to use steel 
spacers between the eyes to give the desired spacing of 
the grids in a section. By this method, the number of 
contacts in a section is doubled, in comparison with a sec- 
tion having an equal number of cast grids. This in- 
creases the difficulty of maintaining all contacts in the 
section in good condition. 

It is obvious that neither the cast grid resistor nor the 
stamped grid described above is as good as a resistor 
wound with a continuous conductor. It is also obvious 
that a great improvement would be made if a convenient 
method could be found of welding alternate ends of ad- 
jacent grids in any section to make a permanent continu- 
ous conductor, independent of the clamping pressure. 


Fig. 3—Welded Plate Resistor Section. (A) Rear View; (B) 
Front View 
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Fig. 4—Tab-Weld Resistor Grids Showing Method of Forming 
and Spot Welding 


The Welded Plate Resistor 


The practical elimination of variable contact resist 
ance has been achieved in a stamped grid resistor r 
cently designed and now in production. It is known as 
the Tab-Weld Plate Resistor. Figure 3 shows front 
and rear views of a complete section. 

The metal spacers between the connected eyes oi 
flat stamped grids have been eliminated by using grids 
with the eyes offset from the plane of the convolutions 
the amount of offset being equal to one-half of the space 
required between grids in ‘the section. This offset is 
formed in the first half convolution just below th 
mounting hole, one eye of each grid being formed t 
the right, the other one to the left, as illustrated in Fig 
4. Alternate grids in a section are offset in opposite 
directions, bringing the eyes of two adjacent grids int 
contact on one side and separating them on the op 
posite side to give the required series connection. Ter 
minal and tap connections are provided by inserting 
steel plates on one support rod, in contact with the grid 
eyes as shown in Fig. 3 (6). 

All grids and connection plates have extensions about 
1'/. in. long for welding. Adjacent grids and connectiot 
plates are permanently joined by two spot welds ap 
plied to each pair in contact after the section has been 
completely assembled. This is also shown in Fig. | 
Since the location of the connection plates cannot be 
changed after welding, it is necessary to provide enoug! 
of them in each section to give an adequate selection 0! 
resistance steps. 

The spacers between grid eyes in this resistor sectiol 
are insulators, made of inorganic materials molded undet 
very high pressure and impregnated to prevent absorp 
tion of moisture. They are strong in compression, lave 
high dielectric strength, high electrical resistance and 
can withstand high temperature. The assembled stack 
of grids with their insulating spacers are compressed by 
nuts at each end inside the end frames. These are usec 


to insure a solid section, but it is obvious that the tight- 
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ness of these nuts has very little effect on the contact 
resistance between the grids, after they have been welded 
together. The end frames are attached to the studs by 
additional nuts outside the stack clamping nuts. Since 
the length of the grid stack varies depending on the 
gumber, thickness and spacing of the grids used, this 
method gives a uniform over-all length for all sections, 
regardless of the stack length. 


The Welding Problem 


The introduction of spot welding in the fabrication of 
this resistor made it necessary to investigate what 
special difficulties might be encountered by the proper- 
ties of the metals involved and the number and thick- 
nesses of the pieces to be joined. 

The particular properties of the alloy steel which 
effect its welding are as follows: 

1. Analysis: chromium, 12-14%; 
5°); earbon, 0.12%; iron, balance. 

2. Electrical resistance: 750 ohms per circular mil- 
foot which is approximately 10 times that of mild steel. 

When the resistor sections were being designed, it 
was decided that nine grid sizes were necessary to cover 
a range of continuous current ratings from 32 to 150 
amp. Three grid profiles, differing in number and width 
of convolutions, were designed. Three grids of each 
profile were stamped from different thicknesses of sheet 
as shown in the following table. 


aluminum, 4 


Continuous Current 


Thickness, In. Rating, Amp 


110 0.140 150 
113 0.095 120 
115 0.070 100 
213 : 0.095 85 
915 0.070 72 
216 0.062 62 
316 0.062 50 
318 0.050 42 
322 0.031 32 


In any one resistor section, there are three different 
welding conditions encountered. 


|. Two alloy steel grids, which may be of equal or 
unequal thickness. 

2. One alloy steel grid of any of the listed thick- 
nesses and one '‘/s-in. mild steel connector 
plate. 

3. Two alloy steel grids and one '/s-in. connector 
plate, the latter always being on the outside 
of the two grid tabs. 


A considerable number of test samples of each of the 
three welding conditions was made in order to determine 
the approximate currents and electrode forces required 
to make good welds. The electrode force was especially 
important in view of the small space available between 
the grid extensions for the welder electrodes. In certain 
resistor sections having closely spaced grids, this space 
is only °/; in., therefore the permissible electrode thick- 
ness would be °/\. in., including tip. Obviously, the 
electrode force available would be limited when such 
thin electrodes have to be used. These tests were made 
on a standard 100-kva. spot welder. 

As a result of these tests, it was found that good welds 
could be made in all three classes listed above with 
electrode forces which appeared moderate. Current 
ind voltage measurements obtained indicated a 75-kva. 
welder to be ample for production welding. 


Welding Equipment Selected 


A 75-kva. portable type spot welder was selected as 
most suitable for this application. The complete unit 
consists of a transformer and gun suspended from a 
hanger, the transformer serving as a counterbalance for 
the gun. A six point heat selector switch provides 
secondary voltages ranging from 5 to 10 v. Water for 
cooling the transformer, welding cable and gun is taken 
directly from the plant supply. A compound hydro- 
booster mounted on the transformer frame supplies oil 
at high pressure for actuating the portable hydraulic 
welding gun. The gun is of the scissors type, the jaws 
being equipped with special long thin extensions de- 
signed to fit the limited space between the grid tabs. 
These jaw extensions are made of forged copper alloy 
and are offset about 2'/, in. from the butt to tip end. 
The tip ends extend about 2 in. below the offset and are 
only in. thick. Electrode tips in. in diameter and 
'/,in. long are sawed from ‘‘Electroloy TX”’ bar stock and 
silver soldered to the jaws. 

For controlling the welder an automatic nonsynchro- 
nous N.E.M.A. Type 2B Timer, providing squeeze, weld 
and hold times is used in conjunction with a magnetic 
contactor. 


Manufacturing Practice 


It was found by experience that it was easier for the 
operator to move the work to the gun, the gun being 
mounted in a stationary position. This arrangement 
gives better alignment of the electrodes with the work 
and at the same time makes it easier to locate the welds 
on the center line of the grid extensions. A supporting 
fixture or cradle made to hold the assembled grid stacks 
is shown in Fig. 5. It is provided with four casters to 


Fig. 5—Resistor in Position Under Gun Welder_Showing Design{ 
of Electrodes to Facilitate be > a Between Closely Spaced 
rids 
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permit the work to be moved quickly from one welding 
position to the next. The gun is mounted in a bracket 
arranged for vertical movement only by means of an air 
cylinder under control of the operator. This arrange- 
ment permits the operator to change the gun position 
easily when making the upper and lower row of welds 
on the grids. With the above arrangement of gun and 
fixture, the operator can spot weld a complete grid stack 
in about two minutes for a 22 grid section or about four 
minutes for a 48 grid section. 

Production experience showed that one setting of the 
timer and heat selector tap for each thickness of grid 
was satisfactory for all three welding conditions encoun- 
tered in a section where all grids were of the same thick- 
ness since the welding current varied but little under 
the three conditions. 

The following table gives typical data used in the spot 
welding of Tab-Weld Resistors when all grids are of the 
same thickness. 


Actual 
Grid Weld Time, Hold Time, Welding 
Thickness, Net Electrode Cycles Cycles Current, 

In. Force, Lb. (60 per Set.) (60 per Sec.) Amp. 
0.031 300 10 15 6,000 
0.050 300 20 15 7,000 
0,062 300 20 20 7,500 
0.070 300 25 20 8,500 
0.095 450 25 20 10,000 
0.140 600 35 30 12,000 


In order to insure high-quality welds, all grids are 
washed in trisodium phosphate solution to remove all 
traces of oil and grease before welding. The welds ob- 
tained both with and without terminal plates have good 
mechanical strength as shown by the sample welds in 
Fig. 6. These sample welds were made using the same 
current and time settings as are used in welding the grids 


in production. 
Tests on Welded Sections 


The improvement in performance of the welded sec- 
tions was indicated first by resistance measurements made 


Fig. 6 Welded Samples Showing Mechanical Strength 
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rating before and after the weiding operation. Ohmi 
values of the sections after welding were quite uniform 
compared with the values measured before welding 
The resistance of the welded sections was about 4°7, less 
than the average value of the sections clamped but not 
welded, showing that the contact resistance is not 
ne, ligible, even when the resistors are new. 

Tests were made on duplicate sections of each of th: 
different grid sizes; one section of each pair was welded 
the other clamped but not welded. Each pair was oper 
ated for several hours on 300°% of its continuous current 
applied for 10 seconds in each minute. Local heating 
at some of the grid contacts in every unwelded sectio: 

ras observed after 30 to 60 minutes. Small red spots 
appeared near the grid eyes, gradually increasing i: 
number and size during the test periol. A few of thes 
disappeared after a time when a weld formed at thes 
points, but most of them continued to glow until th 
end of the test. No hot spots were observed on any o/ 
the welded sections. 

Resistance measurements made on all sections after 
the test was completed showed that the ohmic values o! 
the welded group were practically uncianged while th 
values of the unwelded sections had increased consicer 
ably. When the latter sections were dismantled, a! 
grid eyes were found to be oxidized and many of then 
pitted where hot spots had formed during the tes! 
All these grid eyes were polished and this brought th: 
section resistance values down to normal after r 
assembly. 

The compressive force on the grids of all sections dk 
creased during the test for it was found possible t 
tighten the clamping nuts one-half turn or more alte: 
the heating period. This decrease had a negligib! 
effect on the performance of the welded sections teste 
as shown by the absence of local heating at the grid 
eyes. 

The Tab-Weld Plate Resistor has been in productio: 
for several months and a considerable number hav: 
been put into operation. Reports so far received 1 
dicate that the performance of this welded resistor has 
been exceedingly satisfactory. 
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Design and Fabrication of Welded Light-Weight 


Introduction 


HERE light-weight pressure ves- 
\ sels are constructed by means of 
velding, the design should be based on fac- 
rors which will permit the utilization of the 
naximum allowable working stresses with 
idequate factor of safety. 

The mechanical properties of some al- 
lovs can be increased by either heat treat- 
ment or cold working. Such increases 
permit higher working stresses with a re- 
juction in weight. 

Light-weight construction can also be 
accomplished by selection of high-strength 
alloys permitting high working stresses, 
resulting in low weight to stress ratio. 

The data to be presented are based up- 
yn the fabrication of pressure vessels by 
welding rather than by other processes of 
onstructton. Welding permits new de- 
signs in pressure vessel construction which 
are impossible or difficult to be obtained 
by other processes of fabrication, such as 
riveting, bolting, forging and casting 

Developments in new alloy composi- 
tions of both ferrous and nonferrous mate- 
rials for greater strength and increased 
hemical corrosion resistance have stimu- 
lated developments of new welding proc- 
esses and procedures, resulting in welds of 
superior mechanical and chemical proper- 
ties. These welding processes have been 
leveloped during the past ten years and 
are now being adapted to the welding of 
highly stressed sections with adequate 
safety and security. 

The fabrication of mild steel or plain car- 
bon steel pressure vessels since 1925 has 
been widely accepted, and presents no seri- 
ous problems. The welding of alloy steels, 
however, requires greater skill and knowl- 
edge, and in some cases extensive investi- 
gations, before it can be applied on a pro- 
duction basis in industry. The last war 
stimulated a large number of investiga- 
tions in the welding of high tensile steels 
ind special alloys to conserve materials 
and labor and made possible the design and 
fabrication of new products. This experi- 
ence has given confidence in the fabrica- 
tion of highly stressed pressure vessels by 
welding, and serious consideration is given 
today in its application in industry. 


Group Classification 


The design of light-weight pressure ves- 


* Deliivered at a technical session sponsored 
by the American Rocket Society, during Semi- 
Annual Meeting, A.S.M.E. Milwaukee, Wisc., 
May 31—June 5, 1948. 


Director of Welding Research, A. O. Smith 
Corp. 


Pressure Vessels 


By John J. Chylet 


sels can be divided into three broad groups: 


1. Vessels operating at normal tempera- 
tures and high pressures. 

2. Vessels operating at high tempera- 
tures and high pressures. 

3. Vessels operating at low tempera- 
tures and high pressures. 


For each of these classifications consid- 
eration must be given to chemical attack 
by corrosion or oxidation. Pressure ves- 
sels which require chemical resistance of 
the material to corrosion. generally require 
materials of special alloy composition. 

The first classification, vessels operating 
at normal temperatures and high pressures, 
that is, ranging from O° F. to approxi- 
mately 150° F., are usually fabricated of 
materials which have high tensile strength 
and are classified as alloy steels. Where 
corrosion resistance is necessary, special 
alloy compositions are used. 

The second classification, vessels which 
operate at high temperatures and pres- 
sures, require special alloy compositions, 
either ferrous or nonferrous, which have 
high strength at elevated temperatures, 
with resistance to chemical attack. By 
chemical attack is meant corrosion or loss 
of metal by oxidation or by chemical re- 
action, resulting in deterioration of the 
alloy 

The third classification, vessels operat 
ing at low temperatures and high pres- 
sures, are fabricated of special alloy com- 
positions which have toughness at low tem- 
peratures and sufficient tensile strength for 
the operating pressures. Vessels which are 
subjected to chemical attack at low tem- 


peratures require special consideration re- 
garding their alloy compositions 

The welding procedures which are to be 
used for all of these classifications will 
vary, depending on the thickness, design 
and composition of the material used. In 
general, the welding processes that are 
most commonly employed are the Metal 
Arc Process, Inert Gas Shielded Arc Proc- 
ess and Resistance Welding Process 


Design Factors 


In the design of pressure vessels, a num- 
ber of factors must be given careful con- 
sideration before the physical design can be 
planned. The factors which should be 
considered are: 


Selection of material. 

2. The operating stresses and factor of 
safety. 

3. Stress concentration. 

4. Selection of welding process. 

5. Inspection. 

6. Heat treatments 


Selection of Materials 


The most important factor is the selec- 
tion of material which will comply with the 
requirements of the operating conditions. 
Where tensile strength only is required and 
temperatures are atmospheric or normal, 
heat-treated alloy steels can be used in the 
design to obtain low weight to stress ratio. 
Some of the most widely used alloys for 
this type of service are the low-alloy steels, 
capable of heat treatment, and consist of 
alloying elements such as manganese 


Fig. 1—Air Flasks Which Were Fabricated from Heat-Treated SAE 4340 + V Steel 
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chromium, nickel, molybdenum, vanadium 
and silicon with varying amounts of car- 
bon. These alloys can be purchased under 
S.A.E., A.S.T.M., A.S.M.E. and other 
recognized specifications. 

Figure | illustrates air flasks which were 
fabricated from heat-treated S.A.E. 4340 
steel. The alloy was heat treated to a 
minimum tensile strength of 150,000 psi. 

Materials of the plain carbon steel type 
with increased manganese content or with 
small additions of other alloying elements 
are sometimes used after cold working to 
increase their yield strength. The in- 
creased yield strength, in turn, permits 
higher working stresses and thus lowers the 
weight-stress ratio. 

Figure 2 shows a picture of gas line pipes 
which have been cold worked by internal 
sizing to increase the yield strength. The 
minimum yield strength for this pipe is 
52,000 psi. The material is a plain carbon 
steel having approximately 0.25 % carbon 
and 1.0% manganese. 

The sizing operation shown in Fig. 3 in 
creases the yield strength from approxi 
mately 41,000 psi. toa minimum of 52,000 
psi. Besides increasing the yield strength, 
the pipe is rounded to the dimension of the 
holding die. 

For operating conditions involving cor- 
rosion attack at atmospheric or normal 
temperatures, special alloy materials such 
as the austenitic steels, pure nickel, 
the nickel alloys such as Monel, In- 
conel, the copper base alloys, aluminum 
and aluminum alloys are selected, depend- 
ing upon their specific chemical resistance 
to the corrosive material. 

For extremely low temperatures, aus- 
tenitic stainless steels and nonferrous met- 
als are generally selected such as the nickel 
and nickel alloys, Monel and Inconel, the 
copper base alloys such as the manganese, 
silicon and tin bronzes, aluminum and alu- 
minum alloys. These metals generally 
have excellent ductility and strength at the 
low temperatures and are evaluated on the 
basis of impact and other types of tests at 
the low temperatures. Many of these ma- 
terials are used for temperatures of opera- 
tion ranging from —100° to —460° F. 
These metals have adequate toughness 
combined with adequate tensile strength. 

For pressure vessels which must operate 
at elevated temperatures, a number of al- 
loys have been developed during the last 
war which are available in sheet and plate 
form suitable for welding. Some of these 
alloy compositions are modifications of the 
austenitic stainless steels, the nickel- 
chrome alloys such as Inconel, and special 
heat-resisting alloys containing various ad- 
ditions of nickel, molybdenum, cobalt, 
tungsten, columbium, titanium and chro- 
mium. 

In the selection of alloys for high-tem- 
perature service, consideration must be 
given to the creep strength as well as to the 
oxidation or chemical resistance for the 
particular temperature range at which 
they are to be used. These alloys are 
known under a variety of names and num- 
bers and the suppliers of these alloys have 
data available which may be used in deter- 
mining the working stresses for high-tem- 
perature service. 

In the selection of materials, one of the 
important considerations is the cost of the 
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, Fig. 2—Pipe Sections Which Have Been Cold Worked by Internal Sizing to Increase 
the Yield Strength 


Fig. 4—Cross-Sectioned Air Flask Which Illustrates the Blending of Unequal Thick 
nesses of Material in Order to Distribute the Stresses Uniformly 
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material or alloy. The cost of material , 
-hould always be as low as possible in order tration 
vo be competitive with other materials 
ised in the fabrication of pressure vessels. In the design of © 
Por this reason it is important to use a low pressure vessels it is . 40 
veight -stress factor which will permit the important that all y 
most economical use of materials. stress concentra- Wy 
tions do not exceed . 
theworking stresses, 

Operating Stresses and Factor of Safety 30 

The design of light-weight pressure ves- the design must « 
ls makes it desirable to use materials avoid stress raisers. % 
chich can be heat treated or cold worked The flow of stresses * 
+o their optimum mechanical properties in in metals is very > 
order to base the design for maximum similar to the flow g 5 
working stresses. The development of of water and all x 
welding processes makes it possible now to sharp corners in the x tt 
values up to 220,000 psi. These high val changes in the join a 50 wee denied pn a 
ues are obtainable in heat-treated alloy ing of unequal PRAW TEMPERATURE F. 


velds of the 4.0-6.09% chromium molyb- 
ienum compositions. The operating stres 
ses are generally based on either the yield 
strength or tensile strength divided by a 
factor of safety. 

The factor of safety is governed to a 
sreat extent by the code or regulations 
inder which the pressure vessel is fabri- 
ated. For the A.S.M.E. Unfired Pressure 
‘essel Code, a factor of safety from 4 to 5, 
vased on the tensile strength of the mate- 
rial, isspecified. In some designs the factor 
ff safety is based on the yield strength of 
he material and the values for the factor 


thicknesses of ma 

terial must be a- 
voided by blending 
such areas to elimi- 
nate stress raisers. 
Where high stresses 
are used in a welded 
pressure vessel, butt 
joints are generally recommended. Fillet 
welds are usually avoided because of stress 
concentration at the root of the fillet welds. 
Figure 4 is a cross section of an air flask and 
illustrates the blending of unequal thick- 
nesses of material in order to distribute the 


0.12, Mo 0.47 
Heat Treatment. 


and drawn as given. 


Fig. 5—Effect of Draw Temperatures on Weld Hardness. 4- 
6% Cr—Mo Weld Metal 


Weld Analysis (32662). C 0.15, Mn 1.20, Si 0.45, Cr 5.81, Ni 


1650° F. for 1 hr. at heat, then water quenched 


the condition that is to be used in service. 
The working stresses of the welds are ob- 
tained by dividing the yield strength or 
tensile strength values by the same factor 
of safety that is used for the material of the 
vessel. Thus, it is obvious that the data on 


f safety may be from 1.4f0 2'/», depending stresses uniformly. the mechanical and chemical properties of 
m the codes or regulations governing the Generally the sections should be uni the weld metal must be known or deter- - 
nstallation. The air flask shown 1n Fig. 1, form in thickness and the welds should be mined for each weld metal composition at 


vhich operates at a pressure of 3000 psi. at 
itmospheric temperatures, has a working 
tress of approximately 80,000 psi. The 
yield strength for the material in the heat- 
treated condition was established at 130,- 
00 psi. minimum. Table 1 shows the 
mechanical properties of heat-treated 
S.A.E. 4340 (Cr-Ni-Mo) steel. 


of butt type construction wherever pos- 
sible. In the design, the location of the 
welds should be placed in the least criti- 
cally stressed sections. The working stres- 
ses of welds are determined in the same 
manner as that for the material used in the 
construction of the pressure vessel. These 
values are obtained from the weld tested in 


After Heat Treatment at 1650° F., Oil Quench and Tempe 


imens Tested 
at 1165° F. for 


2 Hr., Followed by Normal Air Cool 


the operating conditions before designing 
the vessel. As shown in Fig. 4, the girth 
seam of the air flask pressure vessel was de- 
signed on a minimum tensile strength of 
the weld metal of 120,000 psi. in either the 
heat-treated or stress-relieved condition. 
Since the tensile strength of the material in 
the heat-treated condition was specified as 
150,000 psi. minimum, the section thick- 
ness was increased at this location to com- 
pensate for the lower tensile strength of the 
weld metal. 


Yield - 

Strength, Ult. q q Selection of Welding Processes = 

Brinell Psi Strength, Elong., Reduction 

Test No. Hardness ((0).01°% Offset) Psi. 2 In. of Area 

‘ A number of welding processes are avail- 

394-J 332 156,300 163,300 13.5 39.4 ble in industry today and the rr sele 

469-K 340 155,300 162.900 15.0 46.0 ab e in inc ustry today and the prope r selec- 
72-J 321 54.90) 158,900 14.0 928 tion will depend upon the economics of the 
509-K 340 157,300 161.300 15.0 14.3 process, the type of material or alloy to be 
430-B 332 154,100 159,300 14.0 40.6 welded, and the design characteristics of 
158,900 161,300 14.0 44.3 the pressure vessel. The most commonly 


Line pipe which is used for the trans- 
mission of gas can be considered as a pres- 


Table 2—Results of Tensile 


Tests and Chemical Composition on Flash Butt 


used processes are: 


sure vessel of long lengths. The operating Welded Pipe (22 In. O.D. x 0.344 Wall) 
pressures generally used range from 400 to Chemical Ansivsis———~ Yield Tensile % Biong 
900 psi. The working stresses for some of Test No. Cc Mn -* S Point, Psi. Strength, Psi i. 
. these lines are approximately 37,400 psi., L-4417-L3* 0.28 1.10 0.012 0.032 60.000 85 000 40.5 
cased on the yield strength of 52,000 psi. T3 0.28 1.10 0.012 0.032 64,300 85,900 37.0 
minimum of the material. The line pipe is Tl 0.28 1.10 0.012 0.032 85,800 Broke 3 in 
y constructed according to the code for pres- from weld 
sure piping, which allows a maximum L-4420-L3. 0.23 1.05 0.010 0.024 55,600 79,500 41.0 
working stress of 72% of the specified mini- T3 0.23 1.05 0.010 0.024 61,100 80,700 32.5 
num yield strength, for operation in rural Tl 0.23 1.05 0.010 0.024 81,800 Broke 3'/» in 
sections. In urban locations, the maxi- from weld 
a ae working stress allowed i 60% of the * L-3—Longitudinal tensile to direction of rolling. 
yield strength of the material. The me- 


T-3—Transverse tensile to direction of rolling. 
chanical properties of internally sized flash T-1—Transverse tensile across flash weld. 


butt welded line pipe are shown in Table 2. — — — 
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2 
Table 1—Tensile Test Results Obtained on 0.505-In. Diameter 4 
| J 


1. Shielded metal are (coated elec- 
trodes)—manual operation. 

2. Submerged arc automatic operation. 

3. Inert gas shielded arc—manual or 
automatic operation. 

4. Resistance welding—spot-, seam- or 
flash-welding process. 


Other welding processes, such as atomic 
hydrogen, oxyacetylene and pressure weld- 
ing, are also applicable, but their choice 
may depend on economic factors or on the 
type of material to be welded. 

The metal arc process is widely em- 
ployed because of its flexibility in the use 
of coated electrodes, which are available in 
a wide variety of compositions. This weld- 
ing process has wide application because it 
can be used to weld wide variations in 
plate thicknesses. The limitations of this 
process are governed by the availability of 
electrodes of special compositions and the 
weldability characteristics of some of the 
ferrous and nonferrous alloys. 


7—Equipment Used to Proof Test 
Welded Air Flasks 


Fig. 6—Flash Welder Designed for Welding 40-Ft. Lengths of Pipe Varying in Wall 
Thicknesses from '/; to,'/» In. 


Table 3—Mechanical Properties of Welded Joints on Air Flask Materi,) 


Joint Tensile Tests Across C-2 Girth Seam (Quenched in Oil from 1650° F., D 
1175° F.) 


rawn at 


Tensile % Elong., % Reduction 
Test No. Strength, Psi 1.4 In. of Area 
884-1 130,300 13.6 46.0 
2 130,000 13.6 46.0) 
1972-1 125,700 12.9 49.3 
125,700 12.9 49.3 
1978-1 129,500 11.4 39.2 
2 128,300 10.7 35.0 
8465-1 129,000 10.7 40.3 
2 129,000 12.1 49.1 


All-Weld Metal Tensile Tests of C-2 Girth Seam 


Yield 


Ult. % Elong., Reductio: 
Strength, Psi. Strength, Psi. 1.4 In. of Area 
Stress relieved after welding at 117,000 133,500 17.8 34.4 
1075° F. 
Heat treated after welding, oil 121,000 129,500 17.2 12 


quench 1650° F. 
1175° F. 


drawn at 


In the welding of low-alloy high-tensi\; 
steels, the metal-arc process ha 
widespread application because special 
electrodes have been developed which wil] 
deposit weld metal of similar compositior 
and mechanical properties as that of th 
base metal. 

Table 3 shows the mechanical propertie: 
of weld metal made with Ni-Cr-Mo ele 
trodes which were used to weld air flask 
pressure vessels. From these values, it | 
apparent that weld metal in excess of 12() 
000 psi. was obtained with satisfactory 
ductility, as shown by the elongation a 
reduction values. This table also shows 
that the weld in the stress-relieved cond 
tion has tensile strength and ductility 
which meet the minimum requirements fo 
the heat-treated condition. 

Electrodes are also available which will 
develop tensile strength up to a maximun 
of 220,000 psi. after heat treatment 
These electrodes are used in alloy 
which can be heat treated to 
mechanical properties. 

Table 4 shows the tensile test results 
after heat treatment of 4~-6° Cr-Mo wel 
metal, welded manually with coated cl 
trodes. 


found 


similar 


Fig. 8—An Air Flask on Which Strain Gages Have Been Attached to Determine the 
Stress at Various Pressures 
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rable 4—Mechanical Properties of Manually Welded 4340 + V Steel, Using Table 6—All-Weld Metal Tensile Data. 


"awn at 46% Cr-Mo Coated Electrodes. (Heat-Treated Condition) 
1650° F. for 1 hr., quench in oil, temper at 960, 1000, 1050 and 


Submerged Arc Weld Using 4-67 
Cr-Mo Filler Wire in S.A.E. 4340 + V 


Heat-treating data: Steel 


1100° F. 
Tensile Strength on .; 6-Hr. temper at I 
from Hardness Actual Tensile Av. Brinell Ultimate strength . . 168,000 psi. 
Test Tempering Values, Psi. Strength, Psi. Hardness Vield strength 0.1% 
No Temp. Stock Weld Stock Weld Stock Weld offset ; of 124,000 psi 
Py 960° F.,3hr. 210,000 208,000 191,000 202,600 429 412 “% Elongation.........16.5 
1A 1000° F., 3 hr. 203,000 205,000 202,000 200,800 410 415 © Reduction of area. . 43.0 
OA 1050° F.,3 br. 205,000 164,000 193,000 151,900 415 335 Charpy impact at 
4A 1100° F., 3 hr. 188,000 160,000 173,800 148,900 382 331 32° F...............22 ft.-lb. 
5% Cr-Mo Steel 363 BHN 
Cuctio = : = 
I Area The effect of heat treatment on weld Table 6 shows the mechanical properties 
nA netal is shown in Fig. 5, and shows the of weld metal deposited by the submerged 
oe relationship between hardness and draw arc process in 4340 + V steel, using 4-6° — - 
" temperatures. Since hardness can be Cr-Mo filler wire. The weld was heat Table 7—All-Weld Tensile Data. Sub- 
translated into tensile strength, it is ob- treated by austenitizing first at 1650° F. merged Arc Weld Using 4-6 Cr-Mo 
ae vious that tensile strength of approxi- then water quenched from 1550° F. and Filler Wire in S.A.E. 1335 Steel 
— nately 220,000 psi. can be obtained with tempered for 6hr.at 1000° F. The tensile . pe eae 
tensile ertain heat becca strength is approximately 160,000 psi. with Stress Anneal 4 Hr. at 1000° F., 1650 F.; 
‘ Water Quench, Temper 4 Hr. at 1100° F. 
found Another application of the metal-are elongation of 16.5°) and reduction of area 
special srocess is the welding of high-temperature of Stress 
ich will heat-resisting alloys which are becoming Table 7 shows the tensile data on all- Anneal ; Tempered 
OSitior nore important in present-day light- weld metal deposited by the submerged arc Tensi at 1000 F. at 2 100 F. 
of 1 weight pressure vessel construction. process in §.A.E. 1335 steel, using 4-6% te 
Table 5 shows the mechanical properties Cr-Mo filler wire after heat treatment, con- i o pe 124.000 psi. 131.000 psi 
yperties f welds in 4/,,-in. 19-9 DL plate made with sisting of a stress anneal at 1000° F. and by "7 Bhsenstion 12 0 9 5 ' t 
[0 ele -in. diameter Type 19-9 MoW elec- water quenching from 1650° F. and tem % Reduction <1 
ir flask trodes. This alloy is one of the high-tem- pering at 1100° F. of area 24.0 18.5 J 
PS, it j erature heat-resisting alloys, which is The inert gas shielded arc welding proc- Charpy impact pie 
of 120) available in sheet form and is being used ess has found many applications in the room tem- 10 ft.-Ib. 12.0 ft.-Ib. 7 
factory for pressure vessels. light gage field and is rapidly expanding in perature, 
ona —4°F. 11 ft.-lb 6 ft.-lb 
Bend Tests 
% Elongation 18.5 20.0 
tctiljts Table 5—Tensile and Bend Tests Made in Butt Joints of */),-In. Thick 19-9 DL Angle of.bend 160 70 
~ 
Joint Tension Tests = 
ch will Post Welding Vield Point Tensile 
<imun Sampk Heat Treatment (by Div.), Psi. Strength, Psi. Remarks an automatic welding head. For automatic J 
tmen 6522-1 Stress relieved at 1200° F. 81,500 101,000 Fracture in weld welding head application, the helium gas is ol 
teel 2hr. Air cool used because it permits automatic regula- . 
similar 2 Stress relieved at 1200° F. 85,600 102,500 Fracture in weld tion of the arc length. z 
a 2hr. Air cool This process has found application in - 
resul 16522 As-welded 113,900 134,100 Fracture in weld welding materials of 0.010 in. to approxi 
OW Bend Tests mately 0.500 in. in thickness. It has also y 
1 ele Post Welding % Blong found application in the welding of heavier . 
Sample Heat Treatment in Weld Remarks sections by using a large diameter Cang : 
16522-Face-1 Stress relieve at 1200° F 40.5 180° bend, satisfactory 
9 40. 5 y I his process is particularly suitable for the - 
$§522-Root-1 Stress relieve at 1200° F. 45.6 180° bend, satisfactory light alloys such as aluminum and mag 
2 42.8 180° bend, cracked in weld nesium, and the process requires no flux, 
36522-Face-1 As-welded 46.6 180° bend, satisfactory thereby eliminating a flux removal prob 
2 cake 45.2 180° bend, satisfactory lem. This process can be used with either 
36522-Root-1 As-welded 53.4 180° bend, satisfactory direct current or alternating current, de- 
2 As-welded 43.4 180° bend, satisfactory pending on the type of metal being welded 


Chemical Analyses of 19-9 DL Steel 


Mn Si Cr 


Heat B-1236 0.31 1.05 0.55 
Weld* es 1.35 0.50 


* Spectrographic determinations. 


A modification of the shielded metal arc 
process is the submerged arc welding proc- 
&ss, which has found application in the 
held of alloy welding, and is only limited 
by the composition of the filler metal and 
flux that is available for the alloys to be 
welded. In this process, welding can be 


Ni Mo Ti Cb W 


19.03 9.35 1.21 0.21 0.53 1.12 
18.35 


10.00 1.13 a 0.50 


its use in welding a wide variety of mate 
rials. Originally this process was developed 
for welding magnesium and aluminum and 
their alloys. In this process an arc is 
established between a tungsten electrode 
and the work to be welded and is sur- 
rounded by an atmosphere of inert gas com- 


It has slso found application in welding 
various types of stainless steels and nickel 
alloys, and also low-alloy high-tensile steels 
such as §.A.E. 4340. In Table 8 are shown 
the mechanical properties made of butt 
welds in 0.080-in. thick S.A.E. 4335 sheet 
welded with filler wire of S.A.E. 4340, 
S.A.E. 4330 and S.A.E. 4320 composition 

The resistance welding process has 
found wide application in the welding of 
light gage materials, either as seam weld 
ing or flash butt welding. This process is 
applicable to the welding of low-alloy high 
strength steels as well as the stainless steels 
and the alloys used for high-temperature 
service. 


the accomplished in either single heavy layers, posed of either helium or argon. The proc- The resistance seam welding process is 
; or for thick sections by multi-layer depo- ess can be used either manually or it can be primarily used on light gage material in 
sition, used in automatic welding with or without which the design permits the use of two cir- 
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Table 8—Mechanical Properties Ob- 

tained in Joint Tensile Tests in 0.080- 

In. S.A.E. 4335 Sheet Welded with 

Filler Wire of S.A.E. 4340, S.A.E. 4330 
and S.A.E. 4320 Composition 


Type of Tensile 
Filler Strength, 
Metal Psi. Remarks 
S.A.E. 4340 1 160,100 ‘Fracture in stock 


2 159,000 
3 159,500 
S.A.E. 4330 1 157,700 
2 162,500 


Fracture in stock 
Fracture in stock 
Fracture in stock 
Fracture in stock 


3 164,000 Fracture in stock 

S.A.E. 43201 162,100 Fracture in stock 
2 160,000 Fracture in stock 
3 


157,900 


Fracture in stock 


cular electrodes between two overlapping 
edges, to make a continuous weld. The 
weld is made either by a series of overlap- 
ping spot welds or by a continuous weld 
nugget made progressively along the joint. 

The resistance flash welding is a welding 
process in which the entire area to be 
welded is heated by passage of an electric 
current and the weld is made by exerting 
pressure on the abutting edges, resulting in 
an upset with expulsion of metal. Figure 6 
is a photograph of a flash welder used for 
welding 40-ft. lengths of pipe, varying in 
wall thicknesses from !/, to '/2 in. This 


flash welder is used in the welding of line 


pipe, which product was described in the 
early part of the paper. In Table 2 are 
given values on joint tension tests across 
flash welds, in which fracture occurred in 
the parent metal. The flash-welding proc- 
ess is used in welding of low-alloy high-ten- 
sile steels, which can be heat treated after 
welding to values approximating those of 
the parent stock. In certain designs where 
very high tensile strength is required, the 
sections at the weld region are increased in 
thickness toinsure a greater strength in the 
flash weld. 

In the selection of a suitable welding 
process, it is important that qualification 
procedures be made to prove that the 
mechanical properties of the welds are 
satisfactory, that they respond to heat 
treatment, and that they also have a 
proper chemical resistance to resist oxida- 
tion or chemical attack. The A.S.M.E. 
Boiler Construction Code, Section IX, de- 
scribes the various procedure qualifications 
which are required for the unfired vessel 
code. For welding of high-strength alloy 
steels and special alloy materials, special 
welding procedures should be qualified, 
depending upon the mechanical and chemi- 
cal properties desired of the weld metal. 

In addition to the qualification of the 
welding processes, it is also necessary to 
qualify the welding operator. Special tests 
for operator qualifications have been for- 
mulated by the A.S.M.E. Boiler Construc- 
tion Code for welding of pressure vessels. 


ACTUAL ULTIMATE STRENGTH IN 1000 LBs. 


4 
2648 / 
<0 is720 
a 180 | Z Burst 
8 Pres 
178 Flask sure 
Zz V4 9 6450 
ll 6675 
2 160 259 5075 
371 5850 
2931 5850 
100 120 140 160 180 200 2648 6200 


Fig. 10——Illustrates a Group of Burst Tested Vessels 
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Fig. 9—Relationship Between Hoop Stress at Burst Pressure 
and Actual Tensile Strength of Flask 


Additional tests may be required | 
the skill of the operator in the w: 
high-tensile alloys and special allo 


) Check 
ling o 


in light-weight pressure vessels, \\ aa 
automatic welding process is used, jt js 4, 
sirable to qualify the operator for such prox 
esses. 

The location of welds will depend t, 
certain extent on the welding process yy 


In all cases, it should be located jy 
least critical area and also at such sectioy. 
where accessibility for the particular wel, 
ing process is most practical. In the resis 
ance seam welding process, it is of utmos 
importance that accessibility from boy 
sides for the entire length of the seam \ 
possible. In the metal are welding proc, 
where back-up chill construction js , 
ployed, the design should provide for th, 
removal of the back-up support by eithe; 
machining or grinding. 


Inspection 


The design of pressure vessels must |y 
such that adequate inspection of the welds 
can be given. The inspection methods may 
consist of visual examination, radi 
graphic, magnetic particle, fluoresc; 
penetrant oil, supersonic, and proof testing 
For some inspection processes, accessibility 
to both sides of the weld is necessary 
all cases, it is desirable to have access t 
the back side of the weld in order that it 
can be inspected for complete penetratior 


Per & 
Hc 
Wall Burst Actual 
Thick- Hoop Ultimate Act 
ness Stress Strength U.T 
0.366 196,000 171,000 15.8 
0.377 198,500 171,000 Ke 
0.361 158,000 128,800 22.8 
0.370 178,000 152,300 16.9 
0.376 175,000 149,900 16.8 
0.365 191,000 162,700 17.4 
0.378 187,000 19 


156,300 
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ynd soundness. These nondestructive 
methods of inspection are intended pri- 
warily to determine the physical soundness 

the welds. 

Radiographic examination has found a 
.ide application in light-weight pressure 
vessels, anid is considered a very reliable 
thod of determining the soundness of 
‘he weld metal. The design of vessels 
yst be such that full accessibility to the 
velds is available for complete radio- 
graphic examination. 

On magnetic materials, the magnetic 
article inspection method is used for the 
‘etection of surface and subsurface defects. 
it is particularly adapted for the detection 
‘cracks near or on the surface and other 
‘jscontinuities which cannot readily be ob- 
served by visual examination. A com- 
ination of radiographic examination and 
nagnetic particle inspection is frequently 
used for the determination of the sound- 
ness of the weld metal. Wherever possible, 
the magnetic inspection should be per- 
formed on both surfaces of the weld re- 


gions 

On nonmagnetic materials, the fluores- 
ent penetrant oil method is used and is a 
visual aid in determining surface defects. 
[his method has found particular appli- 
ation in the detection of fine cracks and 
ther discontinuities on the surfaces of 
ionmagnetic materials. 

Supersonic methods have been devel- 
ped which find application in testing of 
metals for the presence of discontinuities 
such as cracks, slag inclusions, gas pockets, 
and other subsurface defects. This method 
f inspection is not limited to magnetic 
naterials but can be used on all types of 
alloys, and in recent developments in this 
field, its range has been increased to in- 
lude the inspection of light gage materials 


Proof Testing 


Proof testing is specified in some cases to 
heck the design and to insure that the 
yield strength has not been exceeded when 
subjected to the proof test pressure. This 
test is usually applied where close toler- 
ances are necessary and the adequacy of 
the design and fabrication is checked by 
proof testing. In proof testing, the pres- 
sure is applied until the stresses in the sec 
tion are equal to the minimum yield 
strength for the material at 0.01% offset, 
to determine whether deformation has oc- 
urred. Measurements are taken before 
and after the proof testing pressure is ap 
plied to determine the extent of any per- 
manent deformation. The proof testing of 
the air flask consisted of a hydrostatic test 
to l'/, times its working pressure. Figure 
‘ shows the proof testing equipment 
After the test was made dilation measure 
ments established any yielding of the ma- 
terial. The specification allowed a maxi 
mum of only 0.003 in. on 22 in. diameter, 
and 0.005 in. over a straight length of 70 in 


Heat Treatments 


Consideration in the design of pressure 
vessels must be given to the problem of 
leat treating when required in the fabri 
‘ation. In the fabrication of light-weight 
low-alloy high-tensile pressure vessels, the 
parts may be heat treated prior to welding, 
while in others the heat-treating operation 
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is carried out after all welding is com- 
pleted. Where distortion is likely to be en- 
countered, special fixtures must be pro- 
vided to maintain the proper dimensions 
In some cases, design changes must be in- 
corporated to minimize the effect of distor- 
tion and warpage during heat treatment. 
When heat treatment is necessary, it is 
also important that notch effects and stress 
raisers are eliminated to prevent cracking 
in the heat-treating operations. Where the 
parts are heat treated prior to welding, it is 
necessary to stress relieve the welds in 
order to eliminate high residual welding 
stresses and to impart greater ductility to 
the welded joint. 

It is recommended that stress relieving 
or heat treatment be given to all welded 
light-weight pressure vessels fabricated 
from low-alloy high tensile steels. For 
some applications where very light sec- 
tions are used and where the materials are 
of a nonferrous composition, stress re- 
lieving may not be necessary. The neces- 
sity for stress relieving must be ascertained 
by adequate tests. 


Qualification of Product 


For pressure vessels that are used in 
critical service, full-size burst tests are 
usually conducted to determine whether 
the pressure vessel meets the requirements 
of the calculated design. Stress measure 
ments are taken to determine the yield and 
tensile of the pressure vessel. Figure 8 
shows an air flask which has strain gages 
attached to various parts of the vessel to 
determine the magnitude of the stresses at 
the various pressures that were applied. 
Figure 9 shows the hoop stress at burst 
pressure for seven pressure vessels which 
were burst tested. The burst hoop 
stresses varied from 158,000 to 198,500 psi. 
The variation in hoop stresses was due to 
modifications in heat treatments to de- 
velop a range of tensile strengths. Figure 
10 is a photograph of a number of burst air 
flasks showing the nature of the path of 
rupture. The burst tests also give other 
information regarding vessel design, and 
the effect of attachments which may in- 
fluence the over-all strength of the vessel 


Fig. 11—-Air Flask Under 3000 Psi. Pres- 


sure Before Drop Test 


LIGHT-WEIGHT PRESSURE VESSELS 


by stress concentration at localized sec 
tions. 

In addition to burst tests, other destruc 
tive tests to determine the suitability of 
the product may also be made. These may 
consist of drop tests, as shown in Fig. 11 
and other special tests, depending on the 
service requirements. This photograph 
shows a view of the air flask under 3000-Ib 
pressure, just before dropping it in a 
quarry from a height of 150 ft., as shown in 
Fig. 12. 


Fig. 12-—Location of Drop Test in Quarry 


General Summary 


A number of factors have been discussed 
which should be given consideration in the 
design and fabrication of welded light 
weight pressure vessels. 

These factors include the selection of 
material, operating stresses and safety fac 
tor, selection of welding processes, inspec- 
tion, heat treatment, proof testing, and 
final qualification of the product. 

These factors were used in the design 
and fabrication of a large number of pres 
sure vessels in our plant and resulted in 
products which successfully complied with 
all the requirements for the intended serv- 
ice. 

The author would like to express his 
appreciation to Messrs. I. Kutuchief, M. 
A. Scheil, Wm. Kepler and others of the 
A. O. Smith Corp. for their many helpful 
suggestions and cooperation in the prepa- 
ration of this manuscript. 
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Miniature Resistance Welding and Its 
Application in the Radio Tube Industry 


Introduction 


ONE-SIDED impression is generally obtained 
from the resistance-welding literature of the 
sizes of the weldments joined ih industrial fabri- 
cation applications. Most published investigations show 
photomicrographs and give data for spot shear-tension 
strength, fatigue failure, or U-bar failure for a range of 
weldment thicknesses running from as high as one- 
eighth of an inch, to as low as twenty- or thirty-thous- 
andths of aninch. This leaves weldments thinner than 
24 gage largely uninvestigated and imposes the necessity 
of extrapolating the conclusions of conventional scale 
welding to miniature scale welding. It is the purpose 
of this article to determine optimum welding conditions 
for joining small gages of metal sheet and wire and to 
indicate the capabilities and limitations of miniature 
resistance-welding machines. 

The applications of the radio tube industry are taken 
as representing a good over-all picture of small-scale 
resistance welding, and data are given for strengths of 
welds in radio tube materials under varying conditions of 
current, pressure and time. 


Scope of Miniature Resistance Welding 


A miniature resistance welder is defined as one in 
which the electrode force is applied by foot pressure and 
does not exceed 50 Ib. and which has a power rating not 
exceeding 5 kva. a.-c., or if of the stored energy type 
has a capacity not exceeding 200 microfarads. Minia- 
ture welders are capable of joining some sheet materials 
up to a thickness of 0.040 in. and some wire materials 
up to a diameter of 0.060 in. and have no observable 
lower limit of size of weldments. For example, the 
filament of the hearing aid vacuum tube, 0.0003 in. in 
diameter, as fine as a spider web fiber, is welded to its 
connector by a 14-mfd. stored energy machine with 
needle-like electrodes using a few ounces of electrode 
force. 


Equipment 


The greater part of the welding covered in this article 
was done on 1-kva. and 2-kva. a.-c. welders using one 
of our welding heads, No. 4, shown in Fig. 1. This 
head is Sin. high. The upper arm is made of magnesium 


* Work sponsored by U. S. Navy as part of Contract NObsr. 30219. 


t Metallurgist, Raytheon Manufacturing Co., Radio Receiving Tube 


Division, Newton 58, Mass. 


By George Freedman’ 
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Fig. 1—The No. 4 Miniature Welding Head 


to minimize inertia. Electrode force up to 11 |b. 1s 
applied by a spring. A Raytheon 5-kva. welder was 
also used having a head equipped with an alumimun 
upper arm and capable of exerting 50 Ib. of electrode 
force. A Raytheon “Freshman” stored energy welder 
having capacities of 56, 100 and 200 mfd., was employed, 
also using this head. 


Variation in Quality of Spot Welds in 0.005-In. Nickel 
and Carbonized Nickel Over a Range of Variables 


Materials 


Grade “A” nickel, averaging 99.6% nickel, with bright 
finish, fully annealed, and 0.005 in. = 0.0001 in. tick 
was slit to a width of 0.250 in. = 0.0005 in. and cut int 
coupons 8 in. long. All nickel used was cut from thi 
same continuous roll of strip. Bright nickel stmp '% 
used for plates and connectors in radio tubes. A survey 
of conventional scale welding of nickel has been rep rte” 
by Hess and Muller.' . 

Grade ‘‘A” carbonized nickel? with sandblasted tinis) 


ll 
est 
ntr 
‘ 

f 
veld 
micr 


ated and impregnated with carbon by hydrocarbon 1 

breakdown at elevated temperature, 0.005 in. + —+-t 

F 0005 in. thick and slit to a width of 0.250 in. = 0.0005 T 

Carbonized nickel is used for plates and shields | Pup A Uitlial 
radio tubes, the blackened surface acting as an ef- 
It sient heat radiator for cool tube operation. ' 
Se 2 TESTS _| 
t The welding and testing was carried out under con- S St ee | 1 oo 

‘olled conditions as follows: Current was measured 
«ith a pointer stop ammeter using a loop at the trans- rn 

rmer secondary. Timing was controlled by a lamp TEST? 
for the 1-kva. and 2-kva. machines and by a ¥&,,| | | 
‘hyratron circuit in the case of the 5-kva. machine sl 
ad was nonsynchronous. Timing was checked before 
each set of welds by a cycle recorder. Electrode force 
was set by tightening the welding head spring and meas- —_ 4 T 

red by hooking a hand scale under the upper electrode or ] 

rm. Electrodes were newly machined for each test | 
sries to flat faces 0.080 in. in diameter tapering with a 


4)° taper to a shank 0.100 in. in diameter. The elec- 
trode faces were carefully lined up and the faces kept 
parallel to each other. Sixty spot-weld specimens in 
the form of shear-tension coupons were made for each 
test series. Parallel line-up of the two weldments, 
entral spot position and '/,-in. overlap were controlled 
by a guiding jig. After each group of ten welds one 
welded specimen was kept out for metallographic ex- 
mination. Specimens were broken on a Scott Tensile 
lester and the strength for failure recorded for 50 speci- 
mens per test series. 

The six specimens for microscopic examination were 
ll mounted in one bakelite mount and polished until 
weld nugget cross sections were visible. The sections 
were etched and nugget diameter measured using a filar 
micrometer with a metallographic microscope. The 
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Fig. 3—Distribution Diagrams of Shear Strength with Varying 
Pressures just Below Metal Expulsion 


entire mount was then polished down one-thousandth 
of an inch and etching and nugget measurement repeated 
After several such steps the average nugget diameter 
was determined for two or three different welds per 
series and when further polishing achieved similar 
diameters for those nuggets positioned deeper in the 
bakelite mount, they were assumed to be sectioned 
their mid-points. 

Sets of tests were run for bright nickel to determine 
the effect of time and current at a constant pressure, the 
effect of changing pressure at just below metal expulsion 


6478/7 


ithe pT SF and the effect of low current at low pressures. For car- 
; pe bonized nickel welded to bright nickel of the same size, 
3 Lis |_| _ the effect of changing electrode size next to the carbon 
i dad ized weldment was determined. 
Statistical Presentation of Data 
Shear-tension breaking loads were plotted as frequency 
distribution graphs. The values X, o and »v were cal- 
culated as recommended by the American Society for 
Testing Materials.* xX is the arithmetical average; 
ia g, the standard deviation, is a measure of the spread of 3 
. 2 data and is calculated statistically so that the range 4 
; Tesr *5 X + ¢ contains approximately 68% of the values in 
any set of data; and v, the cocflicient of variation, 
lb. is <0 = 1 ? indicates the spread of data as the ratio of ¢ to X ex 
er was pressed asa percent. Where cand v are large, the spread 
minun Balle of data is large. 
ctrod Results and Discussion 
welder T T T 
loved Nad } Tests 1 through 5 determined the effect of varying 
current and time at constant pressure using the 2-kva. 
5 ‘J _| | welder. Strength distributions are shown in Fig. 2 
Nickel a se il L | and conditions of tests are tabulated in Table Tests 
bles 1, 2 and 3 pulled plugs and tore the coupon in rupture. 
It is evident from tests 1, 2 and 3 that time is not a par- 
| ticularly sensitive variable but : 3, 4 and 5 show that cur- 
bright * | rent is important. Test 3 (just cae metal expulsion) 
thick s 2 has good strength and very small spread, while 4 and 5 
it in |e } | } at lower current have lower strength with much devia- 
mi the tion of data from the average. 
trip 1s The 2-kva. welder was used throughout except in 
survey BREAMING PONT test 8 where the 5-kva. welder was employed. 
D 


Fig. 2—Distribution Diagrams of Shear Strength with Varying 
Welding Times and Currents 


A typical weld “nugget”’ for test 3 is shown in Fig. < 
Maximum nugget diameter is 0.016 in. The welded 
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Table 1—The Effect of Varying the Basic Factors Affecting 


Weld Strength in Miniature Strip Welding 2 = 
Average Standard Coefficient 
fest Pressure, Time, Current, Strength, Deviation, of Varia- 5 | 
No. Psi. Cycles Amp X (Lb.) o (Lb.) tion (%) x 
1 1600 1.5 930 19.0 0.93 4.9 5 
2 1600 4 930 19.2 0.87 4 5 
3 1600 «5 930 19.3 0.7 3.8 5 
4 1600 5 730 15.0 1.79 12.0 N 
5 1600 5 530 8.5 1.69 19.9 
6 1000 5 840 22.0 2.66 12.9 : 4 
7 500 5 820 25.4 3.31 13.0 
1000 22 3 Fig. 4—Recrystallization Weld (Test 3) (120 x 
10 5005 640 11.9 2.10 17.6 lad 
Table 2—Effect of Heat Distribution for Carbonized Nick! Fic 
area is seen to consist of annealed grains recrystallized Strip vs. Nickel Strip 
across the faying surfaces. Melting has not occurred. Se eoiie3 
Tests 3, 6, 7 and 8 (Fig. 3 and Table 1) show strength Test Time, Current, Strength, Deviation, of Varia TI 
and deviation with currents adjusted as closely as pos- N° Blectrodes Cycles Amp, X (Lb) ( 
a . : . . 11 0.080 in. vs 5 680 21.6 3.8 74 mini 
sible to just below metal expulsion, which is assumed to 0.080 1. 
give optimum strength over a range of pressures. The 0980 im vs. ben 
pressures, 1600 and 3000 psi., were as high as pressure 0.160 at obse 
could be set for the respective machines and still have +e aa ee the 
the machines provide sufficient welding heat to approach = ~~ aia radi 
the neighborhood of metal expulsion. It was difficult that this phenomenon is due to the fact that the car tivit 
to control metal expulsion at the low pressures and for bonized stock has a higher electrical resistivity than t! tion 
500 psi. some spitting was unavoidable. A pressure of bright material. Both tests were run at an electrod stru 
1600 psi. (test 3) gave good welds and small deviation; force of 8 Ib. 9 
while decreasing the pressure to 1000 and 500 psi. psi. 
resulted in stronger welds with larger deviations and with TEST "V2 | : bee: 
varying nugget diameters. A pressure of 3000 psi. > Bae es —~T T — wel 
using the 5-kva. welder gave the best strength with §/|——7} T ee Ril 
fairly low deviation. Nugget diameter was 0.050 in., N ] 1] 
but it was still of the recrystallized type. Figures 5 
ry ype g 000 
and 6 illustrate the variation in low-pressure nuggets 4 ste 
(test 7). A dendritic structure is not noted but nugget —— to 
diameters are variable and blowholes are observed be- — t + to | 
tween the faying surfaces, and next to an electrode 7 - } for 
face. The absence of a cast structure next to the blow- 5 oa. — am 
holes indicates the extreme localness of the arc flash N i. al ~ inv 
and the small amount of available power. for 
Tests 9 and 10 were run at low pressures at an inter- RICANS PONTS IN POS col 
mediate current where metal expulsion did not vo etal Fig. 7—Distribution Diagrams of Shear Strength for Carbon- be 
Welds were weak and variability was high (Fig. 8). ; ized Nickel vs. Bright Nickel Weldments for Different Heat str 
Tests 11 snd 12 (Fig. 7, Table 2) investigated joints of Distribution pr 
one weldment of co 
bright nickel to one ret 
weldment of car- 
bonized nickel at te: 
currents set below we 
metal expulsion. 30 
Where electrodes th 
were the same size tu 
(test 11) average cc 
strength was good Ww 
but deviation from la 
the average was ex- W 
cessive. When an Ce 
electrode 0.160 in. al 
in diameter was F 
placed adjacent to n 
the carbonized tl 
nickel and _ the lc 
0.080-in. electrode 
retained next to the f 
bright weldment h 
(test 12) a better 
heat distribution 
was observed with 
increased strength 
and decreased de- Fig. 5—Low-Pressure Weld Showing Blowhole Adjacent to Electrode (Test 7). 120 : 
viation. It is clear Fig. 6—Low-Pressure Welding Showing Faying Surface Blowhole (Test 7). 120 é 


840 


THE WELDING JOURNAL 


OCTOBER 


a 

4 

& 

e 

ety 
: 

> 

tS 

| 


ed Nicke! 


TOBER 


ZEST 40 

| 

lresr"9 


BREAKING POINTS 


Fig. 8—Distribution Diagrams of Shear Strength at Low Pres- 
sures and Currents 


These series of tests allow several conclusions about 
miniature welding. 

1. Available power is so low as to result in a recrystal- 
lized weld essentially similar in structure to the halo 
observed in conventional welds. This is the case for 
the pure, high conductivity sheet materials used in the 
radio tube industry and may not hold for lower conduc- 
tivity materials such as steels. However, the implica- 
tions of power limitations with regard to nugget size and 
structure are clear. 

2. Pressures cannot be adjusted much above 1600 
psi. for a 2-kva. machine or 3000 psi. for a 5-kva. welder 
because there is then insufficient power available for 
welding at the maximum tap settings of the machines. 
Riley* classifies conventional welds as Class A, welded 
just below metal expulsion at 15,000 psi.; Class B, at 10,- 
000 psi.; and Class C, at 5000 psi. For welding sheet 
steel coupons together, 0.032 in. thick by 1 in. wide, 
to form a nugget of diameter running from 0.206 in. 
to 0.160 in., welding currents required were, respectively, 
for Classes A, B and C, 425,000, 280,000 and 135,000 
amp. as against 930 amp. measured in test 3 in this 
investigation. It is clear that the best weld possible 
for nickel sheet using the maximum pressure and power 
combination must necessarily have nugget quality 
below that noted in Riley’s Class C weld. However, 
strength and nugget diameter increase for increased 
pressure (tests 3 and 8) as has been noted by Riley in 
conventional scale welding even though in this case only 
recrystallized nuggets are treated. 

3. The low-pressure welds of tests 6 and 7 are in- 
teresting and important in view of the fact that they 
were performed under the conditions of an expedient 
sometimes resorted to in industrial miniature welding; 
that is, to employ the miniature spot welder as a minia- 
ture flash welder. With low pressures the unstable 
contact between weldments and between electrodes and 
weldments causes arcs and expelled metal and results in 
larger areas of local heat than the best true resistance 
weld able to be made on the same machine. This 
causes increased average strength, increased variability 
and the unusual weld appearances of Figs. 5 and 6. 
For applications where conductivity and size of weld- 
ments approach the limit of the welding capability of 
the welding machine, a practical joint can be made by 
low-pressure welding which resembles flash welding. 

Low current combined with low pressure results in no 
ane or arcing but weld quality is low and variability 
ugh, 

As observed in conventional resistance welding, 
materials of different resistances and similar sizes can 
be given a centralized nugget by placing an electrode 
ol larger size for heat dissipation next to the higher re- 
sistance weldment. This procedure increases strength 
and decreases variability. 
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Projection Welds in Tube Construction 


Materials 


In addition to the sheet to sheet welds described, 
radio tube manufacture is concerned with projection 
welding including crossed wire, wire to sheet, and wire 
to ribbon welds. Bright wires welded run in size from 
0.010 in. to 0.040 in. diameter and are generally nickel 
or copper-coated steel, which are used for plate supports, 
grid side rods or getter supports. Oxidized wires run 
in size from 0.010 in. to 0.050 in. and include materials 
purposely oxidized for metal to glass sealing such as 
dumet or Driver Harris No. 14 alloy, as well as nickel 
stem wires oxidized in stem making. Tungsten filament 
welds will be considered in a later section. The nickel 
wire is grade ‘“‘A,” 99.6% nickel. The copper-coated 
steel is S.A.E. 1010 steel with a very superficial flash 
of copper plate. D-H No. 14 alloy is 42% nickel, 
52% iron, 6% chromium, which is preoxidized under 
controlled conditions so that the chromium is selectively 
oxidized to give a film of green Cr,O3. 


Procedure 


Electrodes were kept at 0.080 in. diameters with a 30° 
bevel for preventing distortion. 

Wire to wire welds were tested by crossing 8-in. 
lengths of wire at their mid-points and then bending the 
wires to form two U’s held at their centers by the weld 
nugget. Twenty-five samples were made per test. 
These were inserted with the legs of each U in a jaw of 
the Scott Tensile Testing machine and loaded until 
breakage. This method of testing is a rough ap- 
proximation of the U-bar test which was found imprac- 
tical for wire weldments because of the difficulty of con- 
trolling wire twisting and elongating in a U-bar jig. 
The modified U-specimen test makes use of a large 
number of specimens and averages out the effect of 
miscellaneous twistings. It is capable only of indicating 
large strength differences among sets of large numbers of 
specimens, but cannot indicate strength where the weld 
is stronger than the U-bar legs except to show that it is 
stronger than that degree of strength. 

Wire to sheet welds were tested by forming a modified 
shear-tension specimen where the wire was welded 
longitudinally along the center line of strip coupon. 
Twenty-five specimens per test were loaded to failure 
in the Scott Tester by inserting the strip into one jaw 
and the wire into the other. This testing method has 
the limitation that a weld of moderate strength is stronger 
than the wire and all failures above a certain weld 
strength will fail in the wire rather than in the weld. 

The roughness of the testing methods allowed not 
much more than a qualitative comparison of ‘‘flash’’ 
welding with resistance welding. 


Results and Discussion 


Copper-coated steel wire, diameter 0.040 in., was 
welded to copper-coated steel wire, 0.025 in. in diameter 
at 5 cycles and current set just below metal expulsion. 
The 1-kva. welder was used, set at 2.5 Ib. electrode force 
for the flash welds and 11.0 Ib. for the resistance welds. 
Strength was measured by the modified U-bar test. 
Great care was necessary in the flash welds to prevent 
excessive oxidizing and burning which occurred easily 
with accidental weldment movement. Such care was 
less imperative with the higher pressure welds. Results 
were as follows: 

Flash welds: 10 specimens, burned and oxidized, 
failed in handling; 13 specimens, ranging in strength 
from 11.5 lb. to40lb.; 2 specimens failed in wire leg. 

Resistance welds: 1 specimen, burned, failed in 


RADIO TUBES 841 


| 
Coefficiens 
7.4 
1 
he Car 
than 
le ctrod 
4 
. 
= 
J 
,arpon- 
it Heat 
‘ 
. 
| 


handling; 
21.5 to 42 lb.; 20 specimens failed in wire leg. 


Copper-coated steel wire 0.025 in. in diameter was 
welded to 0.005-in. thick by 0.250-in. wide nickel cou- 
pons and ruptured by the modified shear-tension test. 
the electrode force was 
2.5 Ib. for flash welding and 8 lb. for resistance welding 
with time at 5 cycles and current set just below metal 
The resistance-welded specimens all failed 
at the welds between 26 Ib. and 30 Ib. and the flash- 
welded specimens all failed in the wire weldment beyond 
the weld at the breaking strength of the wire (48 Ib.). 

Oxidized D-H No. 14 wire, as well as dumet, is fre- 
quently welded through the oxide (Cr2O; in the case of 
Flash 
welding of oxidized D-H No. 14 wire 0.050 in. diameter 


The 1-kva. welder was used; 


expulsion. 


D-H No. 14 and CwO in the case of dumet). 


to a 0.005-in. nickel coupon 0.250 in. wide, was _per- 


formed at 2.5 Ib. electrode force with 5 cycles timing 


and current adjusted just below meta! expulsion. 
welds were made on the 1l-kva. welder. Strength ran 
from 18 lb. to 48 Ib. In resistance welding at S lb. 
of electrode force, using the 2-kva. welder, metal ex- 
pulsion was not achieved and most weldments fell apart 
in handling. , 

The following conclusions may be made concerning 
miniature projection welding: 

1. The geometry of the weldments is of great im- 
portance in determining welding conditions. 

2. Optimum wire to wire welds are made at moderate 
pressures (resistance welding). 

3. Optimum wire to sheet welds are made at low 
pressures (flash welding). 

4. Welds may be made with oxidized weldments and 
for wire to strip are made at low pressure (flash weld- 
ing). 


The 


The Filament Weld 


Materials 


Tungsten wire, diameter 0.0015 in. to 0.0016 in., an- 
nealed and unannealed, coated with sintered alumina 
(coating wall thickness, 0.001 in.) and uncoated. Break- 
ing point of the unannealed wire is 440 to 450 g.; break- 
ing point of the annealed wire is 370 to 375 g. The 
tungsten filament or heater is the heart of the radio 
tube. Emitting filaments are coated with a barium 
oxide-strontium oxide emitting material; heaters (for 
heating hollow nickel tube cathodes to electron emission 
temperature) are coated with alumina to insulate them 
electrically from the cathodes. The coating is cleaned 
mechanically from 2 or 3 mm. of the heater or filament 
legs to facilitate welding. The filament or heater is 
generally welded to a nickel ribbon connector. 

Ribbon, 0.010- x 0.020-in. Grade ‘‘A’’ nickel. 


Procedure 


Ten specimens were welded per test. The nickel 
ribbon, 8 in. long, was laid flat on its wide face in a jig 
having a slot 0.021 in. width; this jig always centrally 
located the ribbon relative to the electrodes. The 
tungsten wire, 8S in. long, was placed longitudinally 
along the axis of the ribbon aided by a similar jig so 
that it was centrally located on the ribbon. The as- 
semblies were placed in the Scott Tensile Tester jaws 
and loaded to failure. 

The 1-kva. and 2-kva. a.-c. welders were used and the 
stored energy miniature welder was used at its 56-mfd. 
capacity. In the stored energy welding, time was con- 
stant at close to one-sixtieth of a second. Current was 


842 


4 specimens ranging in strength from 
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not measured. Electrodes were 0.070 in. in electrode 
face diameter and had a 20° bevel unless otherwix 
stated. 

Test series were run to show the effects of ¢: rrent 
type of welding machine, pressure, timing, condition 9; 
weldments (oxidized, coated, annealed) and flash 
welding. The low values of current observed wer poor 
in reproducibility, and dial settings indicating minimum, 
medium and maximum machine output are given instead 
The order of magnitude of current was from 100 to 100) 
amp. for the a.-c. machines. 


Results and Discussion 


Tungsten wire welding in the radio tube industry jn. 
volves the imbedding of the wire into the nickel con. 
nector. This is necessary because the tungsten weld. 
ment does not melt in the welding process. A radiv 
tube gone bad is generally one which does not light 
due to an open heater or filament. Such failures often 
occur within a distance of 1 mm. from the heater weld. 
Failures at this locality also are a source of manufactur- 
ing scrap. 

Every one of the 220 specimens tested in test series A 
through F broke in the wire within | mm. of the weld 
joint but none failed in the joint itself where the nickel 
had flowed around the tungsten. The significance of 
this is that during the welding the tungsten must be 
recrystallized in and adjacent to the weld. The new 
structure would be equiaxed crystals rather than the 
longitudinal, fibrous crystals which make up the un- 
welded wire. Since intercrystalline bonds in tungsten 
are known to be weak, a local equiaxed structure should 
constitute a local weak spot adjacent to the weld. Due 
to the practical difficulties of mounting such a small 
specimen and sectioning it, attempts to observe such 
crvstals metallographically were unsuccessful. 

The problem in heater or filament welding becomes on 
of minimizing the recrystallization adjacent to the weld. 
This has been done in practice by using the condenser 
or stored energy welder which theoretically confines 
most of the heating to the weld area due to its steep 
heat gradient in the weld ‘‘nugget.”’ 

It was found in the following series of tests in sets A 
through E that contrary to expectation no changed 
conditions of current, machine type, pressure timing, 
electrode shape, or oxidation of nickel leads changed 
shear strength significantly from the breaking strength 
of the tungsten wire itself. The commercial grade 0! 
tungsten known as ‘“‘annealed’’ which may be partiall) 
recrystallized or may have new crystal nuclei did not 
differ in this respect from the unannealed. Only series 
F showed poor strength similar to what is observed 1 
scrap tubes. This series used actual cleaned heaters 
rather than the clean uncoated wire. It is evident irom 
examination of mechanically cleaned wire, as well as 
from the results of tests F, that some residual bits of the 
insulating coating, Al,O;, adhere to the tungsten. \Vhen 
welding current is sufficiently high to break through this 
dielectric, the heat is often sufficient to recrystallize the 
tungsten sufficiently to decrease the tungsten strength 
significantly. Other welding conditions cause a small 
amount of recrystallization but only welding poorly 
cleaned heater wire will cause excessive recrystallization. 
Following is a summary of the tests made: 

Test series A (Table 3) used the stored energy welder, 
56-mfd. setting, electrode force 51Ib. Current was varied 
through the range of the welder, from a setting wiier¢ 
welding just occurred to maximum setting where splas! 
and electrode sticking were excessive. Figures ‘), |") 
and 11 illustrate ‘“‘nugget’’ appearance for tests 14, |» 
and 16. The tungsten wire is the black band in the 
center of the melted area. 
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3—Test Series A—Different Current Values on Con- 


Table 
denser Welder for Unannealed Tungsten 
Test Current Dial Breaking Point Average of Ten 
No Setting Range, Gm. Specimens, Gm. 
13 Minimum 380-445 426 
14 30 375-443 428 
15 50 405-445 434 
16 Maximum 365-438 397 


Fig. 9-Low-Current Tungsten to Nickel Weld (Test 14) (100 x) 


Table 4—Test Series B—Different Current Values on Con- 
denser Welder for Annealed Tungsten 


Test Current Dial Breaking Point Average of Ten 
No. Setting Range, Gm. Specimens, Gm. 
17 Minimum 353-370 363 
18 30 355-370 365 
19 50 350-370 362 
20 Maximum 358-375 368 


Table 5—Test Series C—Oxidized Nickel Weldment Unan- 
nealed Tungsten Weldment, Condenser Welder 


Test Current Dial Breaking Point Average of Ten 
No Setting Range, Gm. Specimens, Gm. 
21 Minimum 403-448 421 
22 Medium 415-445 430 


Test series B (Table 4), same as A except that annealed 
tungsten was used. 

Test series C (Table 5), same as A except that the 
nickel ribbon was oxidized to a blue oxide, a typical 
condition after stem making. 


Test series D (Table 6) used the 1-kva. a.-c. welder 
varying timing, current and pressure. 
lest series E (Table 7) used the 1-kva. a.-c. welder 


with annealed tungsten under the most drastic heating 
conditions of test 26, low pressure, high current and long 
time. Heating was sufficiently intense to destroy weld- 
ing electrodes after three or four welds. This series also 
included a test with small faced electrodes having sharp 
edges instead of the beveled edges. This was done to 
indicate whether cutting took place. 

Test series F used actual coated heaters of unannealed 
tungsten having the ends of the heater legs cleaned off 
by mechanical chipping. The stored energy welder 
Was used set at 5 lb. of electrode force at various cur- 
rents. For the 1-kva. a.-c. welder electrode force was 
2.0 lb. and timing was 5 cycles. 
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Fig. 10—Medium-Current Tungsten to Nickel Weld (Test 15) (100 x) 


Table 6—Test Series D—Unannealed Tungsten on I-Kva. 


Welder 
Current Electrode Breaking Average of 

Test Dial Time, Force Point Ten Specimens 
No Setting Cycles Lb Range, Gm Gm 

23 Maximum 5 5 388-400 392 

24 Mid-scale 120 approx 5 393-450 426 

25 Maximum 120 approx. 5 408-443 427 

26 Maximum 120 approx. 2.5 380-438 409 


Table 7—Test Series E—Annealed Tungsten Under Condi- 
tions of Excessive Heat Using I-Kva. Welder 


Breaking Average 
Current Electrode Point of Ten 
Test Dial Time, Force, Electrode Range Specimens J 
No Setting Cycles Lb Shape Gm Gm - 
27 Maximum 120 approx 2.5 0.070 in. 356-375 368 
efd., 20 
bevel 
28 Maximum 120 approx 2.5 0.030 in. 348-372 360 
efd., no 
bevel sharp 
edges 


Table 8—Test Series F—Effect of Welding Poorly Cleaned 


Heaters 

Average 
Current Electrode Breaking of Ten 

Test Dial Time, Force, Point Specimens, 
No Welder Setting Cycles Lb Range, Gm Gm 
29 Condenser Minimum ee 5 300-305 302 
30 Condenser Medium 5 58-295 211 
31 Condenser Maximum 5 0-240 80 
32 l-kva Medium 5 2.5 235-300 278 


Fig. 11—High-Current Tungsten to Nickel Weld (Test 16) (100 x) 


The following conclusions may be made concerning 
tungsten filament welding as a practical industrial 
application : | 

1. Few precautions need be taken in the welding of 
clean tungsten to a nonrefractory metal connector. 
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2. Very efficient removal of ceramic coating before 


welding is demanded to avoid recrystallization failure 
of tungsten beyond the weld. 


Summary 


Miniature resistance welding has been defined. A 
survey has been made of major applications of spot and 
projection miniature welding in the radio tube industry 
and optimum practical welding conditions have been 
recommended for strip, wire and tungsten filament ma- 
terial. A shear-tension study has been made of the 
welding of nickel strip of thickness 0.005 in. under vary- 
ing conditions of pressure, current and timing, and the 
phenomenon of the recrystallization nugget has been 


Repairs of Hydro Ad- 
justable Turbine Blades 
by Welding Described 
at A.S.M.E. Fall Meeting 


ETHODS of repairing turbine blades of adjust- 
able blade turbines with stainless steel and 
using precast blade stainless clad inserts were 

described at a power and hydraulic session of the Ameri- 
can Society of Mechanical Engineers, in a technical paper 
prepared by Joel B. Justin, consulting engineer of Justin 
and Courtney, Philadelphia, and E. T. Davis of the Twin 
Branch Plant of the Indiana Michigan Electric Co., 
Mishawaka, Ind. 

The repairs described were made at the Kanawha 
Valley Power Co. hydro plants on the Kanawha River 
near Charleston, W. Va., at government navigation dams 
operated under contract and leases with the Federal 
Power Commission. Approximately 5 tons of welding 
rod were used in repairing cavitation of 646 sq. ft. of the 
adjustable blade turbines at the plants at London, Mar- 
met and Winfield. These major repairs, requiring new 
blade inserts and stainless clad plates, were carried on 
during low water periods over the last four years since 
1943 and were recently completed. 

Cavitation was noticed on the blades of the adjustable 
units within the first year of operation. In 1937 one unit 
at Marmet was repaired by conventional chipping, clad- 
ding with stainless 18-8 and grinding. At this time 52.6 
sq. ft. were covered with 752 Ib. of stainless rod and 400 
Ib. of mild steel rod. During the ensuing years cavitation 
progressed, but due to power exigencies caused by war 
and war preparedness program, it was not advisable to 


have the equipment out of service for long periods of 
time. 
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noted metallographically. The recrystallization 
indicates a limitation in the amount of power ay \ilabj, 
in a miniature welder but the foregoing data have shy, 
that the strength inherent in a weld made with a minj, 
ture welder is in the order of magnitude of the breaking 
strength of the small gage materials being welde 
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The first unit was repaired in the conventional manner 
chipping to solid metal, built up with welding material 
and covered with two layers of stainless steel and ground 
to the original contour. Columbium stabilized 25-12 
stainless rod was used in order to keep carbon pickup 
from the parent metal to a minimum. The heaviest 
grinding tools were used and afforded no particular diffi 
culty for the men to operate as they devised their ow 
supports and holding devices. A complete tight scaffold 
was constructed below the blades and an exhaust blower 
with ducts was used to get rid of the welding fumes and 
gases. This unit had a total of 62.7 sq. ft. of surface 
which was rebuilt and clad with 875 Ib. of mild steel and 
1050 Ib. of stainless steel rod. 

A schedule was set up to repair the other five units 
which were all cavitated severely. It was decided to 
schedule these repairs over the dry month periods of the 
following three years. Four of the local plant men who 
showed aptitude for welding were trained during the 
winter months at the shops of an affiliated company. 
Two of these men were qualified to the standards ot 
American Gas and Electric Service Corporation Boiler 
Code. 

Although somewhat different methods were used on 
some of the units in general, the same procedure was 
followed throughout. The units at Winfield were cav 
tated to a greater extent as to area and severity than tl 
ones at London and Marmet. In many cases the perp! 
ery of the blades were entirely gone, with holes throug! 
the trailing ends. There were 98 sq. ft. of this suriace 
be repaired on the blades of each unit. The cast throat 
rings were cavitated to a depth of */, in. and in places 
there were holes through the 1'/4-in. steel casting 
There was a band 2 ft. wide around the 169%/s-in. diam 
throat ring or 87 sq. ft. which was repaired, making ‘ 
total of 185 sq. ft.toberepairedoneachunit. 

The A.S.M.E. paper described these repairs in cctal 
for each phase including blade repairs, throat ring ' 
pairs and shaft sleeve repairs. The blade repairs t 
quired the use of precast inserts and welding these to the 
blades. The throat ring was first machined by using UX 
unit as a boring mill and then welding stainless clad })\.tes 
to the throat ring preforming them to the original cot 
tour. Shaft sleeves were repaired by metal spray and 
machining in place. 
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Flexible Beam and Girder Connections 


® The structure is 220 ft. high, 43 ft. wide and 126 ft. long and 
is subjected to impact stresses from the heavy equipment. 
The heaviest piece of equipmeut weighs over 2,000,000 Ib. 


by Harry Greaves 


VLEXIBLE double-angle connections for the ends 
of beams and girders with reactions up to 500,000 
‘lbs., heavily loaded plate girders limited for de- 
flection and unusual end connections for wind 

bracing are some of the features that are of special 
nterest in the design of the all-welded fluid catalytic 
racking plants built by the Atlantic Refining Co. 
luring the war years to help increase our output of 
viation gasoline. 

The cracking section of a fluid catalytic cracking 
plant is a narrow structure with its steel frame ex- 
tending skyward 220 ft. or about 20 stories. It looks 
ike a gigantic unfinished building but, unlike a building, 
supports its heaviest load—the regenerator—at the top. 
This regenerator is a large cylindrical vessel, 42'/ ft. 
in diameter, 87/2 ft. high and weighs 2,175,000 lbs. 
The swirling catalyst in this giant vessel tends to cause 
vibration throughout the steel structure. 

Nestled in the steel frame below the regenerator are 
two large reactors. These reactors are 22 and 15 ft. in 
liameter and are 91 ft. high. They weigh 688,000 
ind 326,000 Ibs., respectively. 

Directly in back of the regenerator is a large rec- 
‘angular precipitator, 35 ft. wide, 39 ft. long and 49 
it. high. The precipitator weighs 960,000 Ibs. Under- 
neath this precipitator are the two large catalyst storage 
ioppers. These tanks are 30 ft. in diameter, 73 ft. 
uigh and they weigh 1,328,000 Ibs. each, 

The structure is a compact unit and every square 
‘oot of space is utilized. To the casual observer, the 
interior of the plant looks like a maze of tanks, pipes 
and ducts which extend in every direction. 

Large ducts, some 84 in. in diameter, fabricated of 
plate up to 1 in. thick, extend downward from the 


Harry Greaves is a Registered Professional Engineer, Supervisor ofStructural 
pe Vressure Vessel Design with The Atlantic Refining Co., Philadelphia, 
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A.W.S., Philadelphia, Pa., week of Oct. 24, 1948. 


regenerator. Valves weighing 18,000 lbs. with stems 
17 ft. long extend horizontally from these ducts. Due to 
the length of the stems, they are supported by trolley 
beams to allow movement for opening and closing and 
are motor operated. One wonders how such a mass 
of equipment and piping was ever put together in so 
small a space. 

To the men who designed this plant, each piece of 
equipment, pipe and valve has a definite purpose. The 
layout must be carefully planned and suitable hoisting 
equipment provided so that each piece can be readily 
removed and replaced in case of a failure, as a prolonged 
shutdown means the loss of thousands of dollars. This 
applies even to the large expansion joint in the duct at 
the top of the regenerator, which is 70 in. in diameter, 15 
ft. long and weighs 13,000 Ibs. 

All this equipment, with a total weight of about 9,- 
000,000 Ibs., is supported by the structural steel frame, 
which is shop and field welded. 

The structure has 17 floors and three working plat- 
forms. The floored area consists of '/,-in. steel floor 
plate. A main stairway connects all floors and, in 
addition, thirteen of the floors are serviced by an 
electric elevator. The working platforms are at the 
top of the regenerator and are reached by caged ladders. 

In the design of this refinery structure, there are many 
problems that are not found in other types of con- 
struction. 

The structural steel frame must be designed to with- 
stand wind pressures without the aid of masonry walls 
or floor slabs. The vibration of the equipment and 
piping must be considered and the steel work arranged 
to allow clearance for the expansion of the vessels. 
Thrusts up to 72,000 Ibs. from the expansion of the 
piping must be absorbed by the structural steel frame. 


SUPPORTING GIRDERS 


The regenerator is supported by four main all-welded 
plate girders which span 42'/, ft. The largest plate 
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Fig. | Heavy double-angle connection 


girder consists of an 80-x l-in. web plate, 26-x 1°/,-in 
flange plates and one 18-x 2-in. cover plate top and 
bottom. One-half inch fillet welds were used to weld 
the flange plates to the web plate, and the cover plates 
to the flanges. 

Every effort was made to insure level bearing under 
the regenerator because uneven bearing would cause 
excessive strain in the heavily loaded regenerator sup- 
porting skirt. To overcome this, the regenerator was 
placed on 12 bearing plates, equally spaced around 
the periphery. These plates, which were about 16 in. 
square and 2'/, in. thick, were fitted to the tops of the 
plate girders to secure a full bearing. 

The plate girders were designed so that when the 
load was applied, their deflections at the bearing plates 
were as nearly equal as possible. All the supporting 
steel was leveled in the field during erection and then 
welded in place. The bearing plates were then planed 
so that their tops presented a level surface for the 
regenerator skirt. 

The same procedure was followed in designing and 
erecting the supports for the two catalyst storage 
hoppers. 

Due to the construction of the reactor shell, it was 
not thought advisable to place these units on bearing 
plates. After some discussion, it was decided to level 
the supporting steel under these vessels in the steel 
fabricator’s shop to secure, if possible, a level surface 
under the reactor skirt plate. 

The supporting steel for the two re- 
actors was fabricated and erected in 
the shop, then leveled so that the 
surface of the steelwork under the re- 
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at right angles as diagonal |,eay, 
are required to clear and siippoy 
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Rolléo 
beams and 


ia girders, as a rigid structural tra 
was not desired due to the lar 


equipment. 


The design is based on 
connections for the 


columns required for bending, thy 


impracticability of fixing the end 


of the large girders and the |x 
of continuity in the structure 


Beam seats were not used on eo! 
umns because of the excessive bending produced jy 
the column shaft from the heavy reactions. Anothe 
reason for not using beam seats, which is often ove) 
looked by designers, is the difficulty of entering large 
girders during erection when the seats are placed on thy 
webs of the columns. 

Reactions up to 570,000 Ibs. were carried by double- 
angle connections. This type of connection is shown’ 
in Fig. 1 for a 36-in., WF 300-lb. girder with cove: 
plates. This girder has a reaction of 450,000 hs 
The connection angles are 6- x 5- x L-in. and are 30 
in. long. The field welds are 1-in. fillet welds and the 
shop welds */, in. 


The 6-in. leg is welded to the girder web and, to 
obtain the proper strength weld in the shop, it was 
necessary to strip the girder flanges to obtain the 
required angle for the electrode. 

Proper clearance for the electrode is overlooked 
many designers, especially when double-angle con- 
nections and flexible-beam seats are welded to tli 


webs of columns, and the column flanges prevent the 
proper angle of the electrode for welding. 

The thickness of these framing angles brought up 
the question of flexibility, and since no technical! dats 
were available, tests were made. 

All tests were made with two angles welded to the 
web of a beam and to a column with the beam ey- 
tending asa cantilever. The first tests were made with 
6- x 6- x l-in. angles welded with */,-in. fillet welds 


actor skirt plate was practically level. 
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| 
Erection holes were then drilled in the IY y 
connection angles and the entire as- 
sembly provided with fitted bolts for — 
field erection. 


FLEXIBLE CONNECTIONS 


For a structure of this type with 
its variable loading, no system of , 
standard beam connections can be 
used. There are no typical floors, as | 
each floor has its own system of 
framing. The beams do not all frame 
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Fig. 2 Seated girder connection 
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Fig. 3 Bevel-beam connection 
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During the test, a fracture appeared in the weld on 
one of the outstanding legs near the top of the angle 


the three sides of the leg attached to the beam. 
The outstanding legs against the column were welded 
along (he toes with 1-in. fillet welds returning the weld 


girders supporting the catalyst storage hoppers. 
connection supports a load of 970,000 Ibs. which is too 
large for a double-angle connection. 
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Fig. 6 Special wind truss 


and, as the load was increased, the 
onnection failed by shearing off a por- 
tion of the rolled edge. 

Other tests were made to determine 
if the first failure was caused by faulty 
ingles, but all tests made with the 
weld along the rolled edge showed the 
same failure. 

It was then decided to shear the 
utstanding legs of the angles to 5 in. 
ind weld 1-in. fillet welds along the 
sheared edge of the angle, returning 
the weld '/, in. at the top. The tests 
with this angle showed a marked in- 
crease in the strength of the weld and 
lailed every time by a fracture in the 
angle at the edge of the fillet. 

Although the number of tests were 
limited due to the time allotted, the 
results of the tests were satisfactory 
and showed there was enough flexi- 
bility in these thick angles to allow 


lor deflection of the girders, without 
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CONNECTION 
Fig. 7 


BEAM AND GIRDER CONNECTIONS 


any failure in the welds, if the outstanding legs were 
sheared to provide a square edge for welding. 
Figure 2 shows one of the end connections for the 


This 


Part of the load is carried to the 
column web by the stiffener plate ar- 
The balance of the load 
is transferred to the column base by 


rangement. 


the plate welded to the flanges. 

The girder is seated on a 14- x 1'/»- 
x 1 ft. 7'/,-in. plate cut to fit inside 
the column flanges, and butt welded 
to the web. A 16- x 2'/2-in. plate ex- 
tends from the bottom of this plate to 
the bottom of the column and is milled 
to bear on the column base plate. 

This plate is welded to the column 
flanges and is slotted at the top to 
receive a 9-in. x 1'/-in. x 3-ft. stiff- 
ener plate. This stiffener plate ex- 
tends through the slot in the 16- x 2'/»- 
in. plate far enough to allow for two 
3/,-in. fillet welds extending its full 
length. The back of this stiffener 
plate is welded to a 12-in. x 2'/2-in. 
x 3-ft. plate placed parallel to the 
column web to prevent the web from 
buckling and is, in turn, welded to 
This 
type of connection was designed to 
prevent be..ding in the column shaft. 

For the connections at the ends of 


the inside of the column flanges. 


all diagonal beams, a simple-detail 
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Typical wind bracing connection 
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was developed. Figure 3 shows one of these connec- 
tions which was made with a 10-in. x !/;-in. x 3 ft. 
6-in. plate placed at the required bevel. 

The web of the beam was butt welded in the shop 
to this plate at the center line of the 10 in. width, and 
field welded to the supporting girder along the edges 
of its length. The field welds were returned across 
the top of the plate for a distance of */ in. 

This connection provided flexibility and eliminated 
costly bent plates. This type of connection was used 
for loads up to 140,000 lbs. 


COLUMN SPLICES 


The columns, in general, are 14WF sections and 
carry loads up to 1,791,000 lb. This load is supported 
by a 14 WF, 370 lb.-section with a base plate, 52 x 
52 x 61/2 in. thick, to spread the load over the concrete 
footing, Fig. 4. 

At the column splices, the column sections were 
milled to bear and butt welded across the flanges with- 
out butt or flange plates. To obtain full penetration 
for the welds, the upper section was beveled. 

For lining up the columns during erection, two splice 
plates were provided on the webs of the columns. 
These splice plates were shop welded to the lower 
section and provided with two erection holes. 

Where columns of different depths 
were spliced, the upper section was 
flared to fit the lower section. This 
flare was made by removing a rec- 
tangular portion of the web and spread- 
ing the flanges. A new web plate cut 
to the proper bevel was then inserted 
and welded to the flanges. Details of Pr 
the column splices are shown by Fig. 5. | 


WIND BRACING 


The wind bracing, in general, con- 
sists of two 6-in. ship channels with 
loads up to 210,000 Ibs. The bracing 
was arranged, in most cases, so that 
every other floor was a braced floor. 
A system of horizontal trusses was 
designed at the braced floors to trans- 
fer the wind loads to the columns. 
This was done because the '/;-in. floor 
plate was not stiff enough to transfer 
this wind load, due to the open area 
allowed for the equipment and piping. 

Where large ducts entered the struc- 
ture, the bracing was altered to suit. 
In some cases, it was changed to struts 
and, in other cases, framed in the form 
of a grasshopper leg. Where it was 
desirable to have the bay directly 
above grade open, in the braced bays 
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Fig. 8 Fluid catalyst plant, Philadelphia, Pa. 


for passageways, trusses composed of 16- and 18- ), WE 
sections were used to transfer the wind loads 
columns. Figure 6 shows the details of one o 
special wind trusses. 

Where large girders framed between the colu 
the unbraced floors, the bracing was spread to pa 
side of the girder, at all other unbraced floors ty, 
channels were used and spread to allow the bra 
pass through. 


) the 
these 


Although a rigid structural frame was not desired 
for this type of structure, consideration was given fo 
providing rigid connections at the ends of the win) 
bracing channels by means of gusset plates attached 
to the columns and girders. 


The type of connection considered was composed of 
a vertical gusset plate welded at right angles to a hori- 
zontal plate, which in turn was welded to the girde 
and column, to fix the end of the girder. For flan 
connections, the gusset plate was welded directly to 
the column, but a web plate was provided to spread 
the load for column web connections. 


Connections of this type are common for riveted 


structures and no consideration is given to the amount 
of restraint required for the deflection of the girder, 
but in welded structures the displacement of the top 
flange, resulting from deflection, must be considered to 
prevent failure of the welds. 

In making preliminary design calculations for this 
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Fig. 9 Atreco Refinery fluid catalyst plant looking west 


type of connection, we found it was not practical or 


economical to fix the ends of the large girders and based 


ur design on attaching the wind bracing channels to 
he column shaft only. 
Figure 7 shows the bracing connected to the web of 


the column and is made up of a 6- x 2-in. plate welded to 
the column web to spread the load and prevent the 


web from buckling. At right angles to this plate, 


a */-in. gusset plate is welded to receive the ends of the 
channel bracing. At one end of each brace, the gusset 
plate and channels are provided with two erection holes, 


ifiset in the channels '/;. of an inch for every 10 ft. of 


length, so that the bracing can be pulled tight before 


welding. 


The same procedure was used to 
connect the wind bracing to the 
flanges of the columns except the 
gusset plates were welded directly to 
the flanges on the center line of the 
columns, thus transferring the stresses 
directly into the webs. 

Where the connection angles were 
not strong enough to transfer the 
wind shear into the girder, diagonal 
plates were provided, as shown in 
Fig. 7. These plates extended diag- 
onally across the web of the girder 
and were notched out the thickness 
of the connection angles. They 
were welded to the web and butt 
welded to the outstanding legs of 
the connection angles at one end, 
and to the girder flanges at the 
other end. The diagonal plates in- 
tersected, at or below, the center 
line of the connection angles, so as 
not to retard their flexibility. 

Where no girders framed opposite, a horizontal 
stiffener plate was welded between the column flanges 
to prevent the web from bending. 

The fluid catalytic cracking plants were designed by 
the Engineering and Construction Dept. of the Atlantic 
Refining Co. under the supervision of Dr. L. M. Gold- 
smith, Chief Engineer. Belmont Iron Works of 
Philadelphia fabricated and erected the structural 
steel. <A fluid catalytic cracking plant consists of two 
units—the cracking section with 1200 tons of structural 
steel and the fractionating section with 600 tons. 

The fractionating section involved no unusual weld- 
ing problems and is not discussed in this article. 


Research Supplement, a total of 1916 pages. 


West 39th Street, New York 18, N. Y. 


Bound Volume 1947 Welding Journal 


A few copies of the bound volume of The Welding Journal for the year 1947 are still available. 
Price $12.50. This volume consists of 1164 pages of The Welding Journal and 752 pages of the 
The volume contains a Subject and Authors Index 
and represents a veritable encyclopedia of information on every phase of welding. The research 
section represents nearly a million dollars worth of research. The Journals afe bound in attractive 


imitation black leather covers. Orders may be placed with the American Welding Society, 33 
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The Future Welded Design of Farm 
Equipment 


By Ernest J. Koop? 


Farm machinery manufacturers are beginning 
to realize that the day of horse-drawn farm 
implements is past. Parts of the machines still 
follow the horse-drawn angle. Machine frames, 
sprocket-drive shafts and axles are drilled and 
punched full of holes, sacrificing half of their 
original strength. The wooden tongue and 
rivets can be eliminated entirely. Bolt holes 
can be brought down to a fraction of their 
original number if the steel shapes are changed 
for welded design. Holes in axles and drive 
shafts for sprockets can also be eliminated by 
changing to a different shaped steel. This does 
not draw away from a wide range of adjustment. 
One of the reasons bolted construction is used 
so extensively by machinery manufacturers is 
because it allows them to knock down the ma- 
chine for shipment, also to make them adjustable 
for width and depth. The same plan can still be 
followed if many parts of one unit are welded 
into subassemblies at the factory, then shipped 
to their agencies for final assembling and weld- 
ing. What would be the benefits of such a plan? 
The welding industry would grow more at the 
source of production, and also at the point of: 
distribution. The farmer would have a better 
implement. Welded design creates a demand 
for new steel shapes which possibly can now be 
obtained by special order. Should the demand 
for these new shapes become great enough, 
they would soon become standard sizes. 


HE majority of manufacturers that fabricate their 

products by any of the welding processes are com- 

pelled to abide by definite material and welding 
specifications. These specifications are most essential to 
them as a guide to safe and superior construction; also, 
to promote the acceptance of welding by more industries 
that use metals for their fabrications. 

The makers of farm equipment, both large and small, 
are not forced to follow any established order of fabrica- 
tion procedure. The course is left open to us to select the 
material, design the machines and construct them by any 
method of our choice. This freedom of construction has 
its advantages. It gives the manufacturer three methods 
of fabrication, welding, bolting and riveting. Most farm 
machines are built by the use of all three methods. 

Should welding be chosen as one of the methods, then 
in all fairness it should be given an equal chance with the 
riveted or bolted joint. 


* Scheduled for Twenty-Ninth Annual Meeting, A.W.S., Philadelphia, Pa., 
week of Oct. 24, 1948 
t Ernest J. Koop, Welding and Blacksmith Shop, Bakersfield, Calif. 


There are two major infractions of good welding rules 
on many farm machines. These are under welding and 
unfilled craters at the finish of the weld bead. This 
raises a question: How long does the joint hold? Sur 
prisingly longer than seems possible considering several 
important factors that contribute to its failure. But fail 
it does, and usually right in the weld. When some of the 
machines are brought into play against Mother Earth, 
who is still a rugged old character, things begin to happen 

Picture in your mind for a moment the usual construe- 
tion pattern of a farm implement. Riveted joints and 
bolts by the dozens. Here and there some members hav 
been joined by welding. The rivet and bolt holes are pur 
posely drilled '/3. to '/s in. oversize to compensate for 
variance of tolerances of bolt and rivet sizes, misalign- 
ment of joining members, etc. To fill these oversize holes 
so completely with either rivets or bolts that the joining 
members will repeatedly carry the stresses of the load is 
a faint probability. They have only one course of action 
left to them—to work loose. Thus, most of the load is 
brought onto the welded members, and the welded joint 
fails again. But the truth stands out in mute evidence 
that the joint had not been welded sufficiently or proj 
erly. 

We have entered a new era in farm machinery 
design and construction. The obsolete method 
riveted fabrication still clings, with a faint ray of hop 
that by the violation of good welding practices it will 
thus hold its place. 

It is rather a hard pill to swallow when a customer 
brings in some part of a farm machine that has failed in 
the weld, with instructions to rivet it together with rein- 
forcing irons. 

Someone has said: “After all it is only a farm imple- 
ment, then why all this fuss?’ Well, are we going to bea 
defender of the welding industry, or an offender? The 
choice is ours. Sufficient and properly welded joints may 
add to the cost of the machine, but that is still much bet- 
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Fig. 1—Notched Flange Break in Angle Iron 
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Fig. 2-Break in Weld. Unable to Stand Load in One Direction 


or Reversal of Stress Fig. 5—-Back Step Fillet Welding on Stalk Cutter Blade Holders 
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Welded Into Center Hole. Eliminates Continuous Axle Flats, Channels, Rounds, Tubes, Angles and Squares are Used 
Through Drum in This Conventional Design 
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ter than lowering the reputation of the product, and also 
of welding. 


Reasons for Weld Failures 


The illustration in Fig. 1 shows a failure of the material, 
and part of the weld. There are two distinct reasons for 
this failure. 

1. The weld was made opposite to the stress flow of the 
member that carried the greatest stress of the applied load. 
The result was a partly blocked stress flow. 2. At the 
finish of both weld beads, the weld craters were left un- 
filled, which served as a notch effect in the higher stressed 
member. Both upper and lower weld beads were stressed 
by approximately the same load. The lower weld bead 
had the largest notch of the two, which caused material 
and weld failure. 

Von Stroh! in his paper “A Clinical Approach To 
Weldment Design’ points out the unreliable endurance 
limit of notched or stress blocked weldments. 

A small weldment is shown in Figs. 1 and 2 which had 
been welded from one side only. The side where the load 
was applied was left unwelded. At first it was assumed 
that the operator had merely forgotten to weld the other 
side. Investigation of this particular part on other ma- 
chines showed the same under welding procedure. 


Future Designs 


Several years of back checking on some machines is 
necessary to find out just how far welded design can be 
carried out. Complete welded design was carried out on 
this cotton and corn stalk cutter. Figure 3 shows start of 
fabrication. The component parts of the cutter are 
shown in Fig. 4. Prefabrication of the parts speeded up 
production, as most welds were made in the flat position. 
Smaller prefabricated weldments also meant less heat 
input into the larger structure when final welding takes 
place. The cutter turned upside down serves as a natural 
weld positioner as shown in Fig. 5. Bushing type bear- 
ings and cutter blades are welded on last. The stalk 
cutter in Fig. 6 is complete except for the blades and skid 
irons. The parts that receive the most wear are the 
blades, the axle stubs and bushing type bearings. By 
normal usage these parts would last for 1500 acres or 
approximately three years of trouble-free operation. 
| This justified complete welding. It was welded through- 

out with A.W.S. Rod Specifications E6010 and E6012. 
An experimental design of a dual-purpose tool is shown 
in Fig. 7. This implement is used for making irrigation 


1 von Stroh, Gerald, ‘‘A Clinical Approach to Weldment Design,” Tue 
WELDING JOURNAL, 27 (3), 207-216 (1948); Weld. Engr., 33, (3) 36-41 (March 
1948.) 


Fig. 9—Front and Side View. Raised Wheels Show Approxi- 
mate Working Depth of Plow. High Stress Area by Loading, 
Shown by Arrow 
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ditches and making a dam inside the ditch. At | 
of the plow is the damming attachment which rape 
the bottom and sides of the ditch to gather enough sojj 
make a dam inside the ditch. The bushing ty; 


© Tear 


axl 
bearings (shown at arrow (a))are welded to the f: ep. 
the wear on them is not severe enough to justify bo ltiy 
It was known that the plow point and shares (shown a: 
arrow (b)) would be subjected to severe abrasion, and jn — 
pact by the earth, so they were hardfaced accordingly, fy 


fore welding them to the mold boards. The illustratjo; 
shown in Fig. 8 is another design of the ditch plow and 
dammer. This view shows the highly stressed areas whic} 
will be caused by the load when the plow is in operation 
Figure 9 is a side and front view of the plow. Figure |()js 
the front, and mole’s view of the plow, that shows th 
streamlining sweep of the two axle support members 
ing in to join the main member or beam. The b 


Con 


made up of two 4-in. channels boxed construction. Th ad 
axle support irons are l|- x 3-in. solid flat bars. Guss a 
plates were added where the three main members juin t Fig 
give the center member added strength for the load fro; Bo 
side to side. This design is proving satisfactory. Hoy du 
ever, an easier constructed frame was sought, and t! 
same experimental machine which was shown in Fig. 7 ; 

again shown in Fig. 11. This frame is constructed wit! utu 
angle iron. The wide flanges of the angles are turn one 
down because the greater applied load is up and down iad 
The narrow flanges are turned out for the lesser load fro: es 
side to side. The diamond shape of this frame desig: “ty 
delivers the applied load from the point of origin, the plow . 
and dammer making the ditch, through the frame mem tin 
bers to the point of load expulsion, the drawbar hitch. | iow 
three frame members carry their separate applied loads the 
to one point. Thisis stress distribution. It is necessary 
to again study the design shown in Fig. 10. The thre: “8 
frame members pick up the applied load, which is th Pe 
plow and dammer, thence to the joining point of the thre ne 
members, where it is channeled into one member which ne 
carries the full load to the draw-bar hitch. It is believed wel 
the diamond-shaped design would prove superior of th use 
two, if the ultimate load was applied to either structure the 
The small shop has no way of testing large structures me 
as these, only under actual working conditions. - 
wi 

Suggested Uses of Steel Shapes are 

The progress the welding industry will make in the . 
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Fig. 10—Front View. Frame Construction. Moldboards Are 

Rolled to Shape from Mild Steel Plate Stock. Square Bar 

Welded to Round Axle and Spindles, Eliminates Bending o! 
Axle 


OCTOBER 


ry 
= 
| 
852 


CTAON 


th 


le three 
1 1S the 
thre 
r which 
ve lieved 
of the 
‘ucture 


uctures 


in the 


TOP VIEW 
OF FRAME] 


Fig. 11—Front View of Experimental Diamond-Shaped Design. 
Bolts Are Practically Eliminated. Confined Welds Are Pro- 
duction Bottleneck. Out-Turned Flanges of Angle Iron Solve 
Many Design Problems 


future designs of its fabrications depends a great deal 
upon the steel industry. There are several shaped 
steels which the writer believes would be the answer to 
many design problems. These steel shapes can possibly 
be obtained by special order. If the demand for their 
ses were great enough they would soon become standard 
shapes. The future design of farm equipment has need 
for these shapes because they can be readily made into 
the finished product. They would in many other ways 
speed fabrication because of their adaptability for weld- 
ing. One of these shapes is the raised T iron which is 
shown in Fig. 12. Because of its raised flanges it can be 
speedily fabricated into products such as the agitator 
gen in Fig. 13. This view shows four raised T irons 
welded together to form an agitator. It could also be 
used as the blade holders for stalk cutters by spacing 
them equally around a tube as seen in Fig. 14. The half- 
moon shape of the cross flange makes an excellent joint 
onto pipe as shown by the upper view in Fig. 15. The 
wider spacing of the welds leaves a less concentrated weld 
rea as compared to the bottom joint. The wide spacing 
f the welds gives the upper joint the ability to receive 
ind dampen small but fast vibration stresses, which the 
lower joint could not stand for long. 

The steel shapes shown in Fig. 16, and their possible 
uses, will be taken up as they appear in the illustration. 

The cross or X iron which is made in the shop by weld- 
ing two T irons back to back is an adaptable shape for 
welded fabrication. The flanges serve as a natural joint 
for incoming members to the main structure. Especially 
is this shape ideal for flat bars welded to the flanges with- 
ut the interruption of the stress flow through the web. 
This shape is most suitable for vegetable bars for row 
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Fig. 13—End View of Four Raised Flange 
ne. tm I TIrons. Future Design Could Use This Fig. 16—Front and Side View of Much Needed Steel Shapes. 
* i= Shape for Many Welded Fabrications Future Design Awaits Their Coming 
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crops, tongues or beams for implements. 


Again in Fig. 
16 is the raised T iron. This view, to further show its 
potentialities, shows two raised T irons welded back to 
back to form an oval tubular shape, with two flanges to 


Fig. 14—End View. Raised T Irons on Tubular Shape. One 
Size Iron Fits Various Diameter Round Shapes 


Fig. 15—Side View of Raised T Iron to Pipe. Preferred to Flat 
Bar Joint. Wide-Spaced Welds and in Line with the Stress 
Flow 
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serve as a possible base for joining members with a mini- 
mum interruption of the stress flow. The T irons welded 
in this way would be an appropiate shape for members 
that are subjected to torque, yet allowing joining mem- 
bers to fit into the construction pattern. 

The wide-flanged channel has a variety of uses for 
welded design. It can be made into the finished prod- 
uct by one or two operations. For example, the first view 
of the channel, one cut, and a hole drilled near the end of 
both flanges, produces a clevis for many farm ma- 
chines. 

In the second view of the wide-flanged channel is 
another type of clevis for drawbar depth adjustment. 
(See end of plow beam in Fig. 9.) Drilling a series of 
holes through both flanges, the desired part is quickly 
made. Nextis the beam or tongue of the machine that is 
now ready for the main assembly. Thus, we have a 
combination of three parts of one farm implement quickly 
made, and economically welded together which is possible 
by the wide-flanged channel. The flanges are twice as 


Welding a Bronze Bell 


By Marcus Maynard* 


BELL weighing 1400 lb. was cracked for a distance 
of about 6 in. We were not able to find out much 
about the experience of others in welding bells 
but decided to try it out using accepted welding pro- 
cedure. A sample of the metal was analyzed to determine 


* Head, Welding Dept 
Minneapolis 3, Minn 


, William Hood Dunwoody Industrial Institute, 
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wide as the base. 
have 4-in. flanges. 

There are several farm implements that call for parti, 
wooden construction. The wide-flanged channe| 
make a more efficient way of encasing farm traile: 
barn doors and many other items. 

Bolted construction of farm equipment is followe, 
chiefly for two reasons: It permits the manufacturer 4, 
ship the machines disassembled, and a wide range oj 
adjustments are necessary for a farm machine that is tp 
be used in so many different parts of the world. 

A great deal of bolted construction could be eliminate, 
if more prefabricated weldments were shipped to thy 
agencies of the manufacturing firms. Their avencies 
could finish the machine with final welding instructions 
furnished by the manufacturer for that certain part of th: 
country. Through such procedure the farmer would ge 
better machines. The welding industry would groy 
more at the source of production and at the point of dis 
tribution. 


For example, a 2-1n. channe! should 
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the rod to be used and it was found to be about 82"; 
copper and 18% tin. A bare electrode of similar analysis 
was obtained and used for the welding. The crack was 
cut out as shown in Fig. | and the bell was enclosed in a 
firebrick furnace Fig. 2. 

Preheating by use of charcoal was continued until the 
bell melted pure lead. The welding was done with ad ~ 
machine at about 275 amp. Carbon blocks were placed 
below the opening and helped support the work. After 
a few passes the welding was stopped to allow some cool 
ing at the weld. After completing the welding, the job 
was covered and allowed to cool for IShr. After cleaning 
and polishing the weld it was hard to locate the repair 

Tone was not changed and the bell could be heard tora 
distance of 3 miles when it was again in the church 
belfry. 


ey 


OCTOBER 


it] 
core 
T 
ding 
119 
Li 
\ 
ed | 
higl 
oii 
avo 
in 
the 
tne 
Fut 
ot 1 
mt 
nes 
cas 
shi 
ral 
ra 
eql 
res 
| 
ibs 
fli 
th 
7 
te} 
te 
of 
ga 
Fig. 1 Fig. 2 
l 
854 
by 
fe. ty 


should 


artial 
Wi 


beds 


Mowed 
urer to 


it iS to 


inated 
to the 
zencies 
uctions 
t of the 
uld get 
grow 
of 


It 
nalysis 


ck was 


ed ina 


itil the 
placed 
After 
e cool 
he 
eaning 
air 
d tora 
hurch 


OBER 


Brazing Aluminum 


By G. W. Birdsallt 


HE brazing alloy is sometimes applied as a clad 

surface. In this case, aluminum brazing sheet 

will consist of aluminum core coated on one or 
both sides with a brazing alloy, which is bonded to the 
core. 

The aluminum core melts at 1220-1225° F. The clad- 
ding, a high-silicon aluminum alloy, melts at 1050 
(120° F. This produces a differential of 100-175” F. 

An article made from such material has its joints bond- 
ed by carefully heating in a furnace to a temperature 
high enough to melt the cladding but low enough to 
avoid melting the sheet. This causes the metal to flow 
and bond at the joints. 


Furnace Brazing 


The furnace brazing of aluminum alloys is similar to 
the same process as applied to other metals except that 
the temperature range is lower than for ferrous metals. 
Furnace brazing may be used to join all aluminum parts 
of thicknesses ranging from 0.006 to 0.5in. All joints of 
i given part, however, should be nearly the same thick- 
ness to assure uniform heating. 

Batch-type electric furnaces have been used in most 
cases, although conveyor-type or gas-fired furnaces 
should prove satisfactory if designed to operate in the 
range mentioned. Practically all commercial furnace 
equipment has temperature-control regulation to within 
\)° F., the degree of accuracy needed for consistent 
results. If a gas-fired furnace is used, however, it is 
ibsolutely essential that the products of combustion 
flue gases) do not come in contact with the items being 
brazed. 

Brazing furnaces should be provided with baffles so 
that radiant energy from the heating units will not cause 
local overheating in the load. In electric furnace 
peration, it is also important to keep drops of molten 
flux from falling on the heating units and causing de- 
terioration of the coils. Circulation of air in the furnace, 
while not essential to brazing, is desirable in the main- 
tenance of uniform temperature. 

The furnace-brazing operation causes no fumes or 
gases requiring ventilation to the outside air. A small 
mount of hydrogen may evolve when the fluxes have 
been mixed with water and must be allowed to escape 
lest the gas ignite with sufficient violence to distort the 
parts when closed assemblies are brazed. The formation 
| hydrogen gas may be prevented by mixing the flux 
with methyl alcohol instead of water or by drying the 
luxed part by preheating it prior to placement in the 
Tazing turnace. 

Production brazing in an air atmosphere is apparently 
quite satisfactory, and experiments have shown no ad- 
vantages for the commonly used controlled atmospheres. 
While experiments show good results in a pure hydrogen 
itmosphere, it has not yet been found necessary to use 
this gas. 

The brazing time and temperature for a specific part 
will depend on the aluminum alloy being brazed, the 


‘ ection VIII in a series from Reynolds 88-page process manual, Welding 


| Reynolds Metals Co., Louisville, Ky. 
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brazing alloy used and also the thickness and shape of the 
part. The temperature will vary between 1,050 and 
1,185° F. The exact value is determined in each case 
by trial. 

The time in the furnace must equal the time required 
to reach the brazing temperature plus a brazing period of 
from 3to8min. The effect of thickness is shown by the 
fact that parts 0.008 in. thick have been brazed in 4 min., 
while parts 0.375 in. thick have required 45 min. of 
furnace time. 

Jigs and fixtures may be used to maintain alignment 
of parts if provision is made for the differences in their 
thermal expansion as compared with that of aluminum. 
Steel, stainless steel or graphite jigs should be so de- 
signed that their expansion will not distort the aluminum 
parts. Brass and copper are not used for jigs since they 
alloy readily with aluminum if contact is made in the 
presence of flux at brazing temperature. 

The use of jigs increases the required heating time. 
For this reason, it is preferable to design parts which can 
be held in alignment in the assembly by the mechanical 
fit of the parts, by aluminum rivets, by beading or by 
clinching. Spot welding may be used to advantage, if 
the welding operation can precede fluxing. Tack weld- 
ing with a torch is frequently used. 

Pre- and Postbrazing Cleaning.—It is frequently de- 
sirable to clean the parts prior to brazing. The type of 
cleaning depends on the amount of dirt or forming lubri- 
cant present, but it is usually sufficient to use a solvent. 
If this is not adequate, however, an etching procedure, 
similar to that used after brazing, may be employed. 

After brazing, the residual flux is removed in order to 
prevent corrosive attack and to improve the appearance 
of the part. While the flux dissolves in water, a more 
vigorous cleaning is usually advisable. One good 
method especially desirable for thick walled parts is to 
immerse the part in boiling water to remove most of the 
flux, then dip it for 45 to 60 sec. in a 5% sodium hy- 
droxide solution held at about 150° F. This is followed 
by a water rinse, by a 1-to-2 min. dip in a cold 50°; 
nitric acid solution, and by a final water rinse to remove 
the acid. If the parts that have been brazed are of thin- 
walled construction, a less drastic cleaning procedure 
should be followed. With such articles, a dip in the cold 
nitric acid solution after the hot water soak should be 
satisfactory. 


Torch-Brazing 


Any of the common welding gas combinations such as 
oxyhydrogen, oxyacetylene or oxyhydrocarbon fuels are 
also quite suitable for torch-brazing applications. In 
this application, the brazing alloy is preplaced, as in the 
case of furnace brazing, in the properly fluxed joint and 
is melted by the torch flame. As in furnace brazing, the 
filler metal flows by capillary attraction to produce a 
joint having approximately the same strength and 
corrosion-resistant characteristics as a gas-welded joint. 

Performance of Joints.—Mechanical strengths sub 
stantially equivalent to those of welded joints may be 
obtained in brazed joints. Since the alloys used in 
brazing are aluminum alloys, there is little danger of 
electrolytic corrosion. Tests have shown that the re- 
sistance to corrosion of a brazed joint is about the same 
as that of a torch-welded joint. 


Inspection 


The best way to insure satisfactory welds, particularly 
in the case of gas and are welding, is to qualify the 
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welding operator in accordance with one or more of times with a magnifying glass, to determine the 4 paren: 
several qualification tests such as those of the U.S. Army soundness of the weld joint from its appearance. (t},. 
Air Force, U. S. Naval Aircraft Factory, U.S. Navy or nondestructive test methods include the use oj radi, 
one of the qualification tests of various industrial raphy and of fluorescent materials. ; 
organizations. Radiography, primarily X-ray, is used for inspectiy, 
In arc and gas welding, it is common practice to qualify of both fusion and resistance welds. It is partic 
the welding operator in a manner similar to that used in useful in the inspection of spot welds since the sj»; 
steel welding, that is, by testing weld specimens by a_ weld nuggets, the presence of cracks and porosity «4 
guide-bend, free-bend, tensile or nick-break test. These undesirable properties such as welding splashes or 4 
testing methods make it possible to determine the outs may be readily determined. 
ductility, strength and soundness of the weld. In the fluorescent particle method of inspection, 4) 
Welds are sometimes sectioned and etched for micro- weld seam is coated with a penetrant in the for: 
scopic or macroscopic examinations. This method is specially processed mineral oil which penetrates t! 
most commonly used in inspection of spot welding. minute cracks and fissures. After application 
All of the aforementioned methods of inspection are, penetrant, the surface is thoroughly cleaned with a solve: 
_of course, destructive to the weld. Inapplications where When the work is subsequently allowed to stand, oil ¢ 
destructive testing is not desirable, the usual practice is trapped in any cracks will seep to the surface wh 
to resort to visual inspection. The weld is carefully will be revealed by fluorescing when examined under 
inspected, usually with the unaided eye, though some- ultraviolet or ‘‘black’’ light source. 


B f and spot welded into slots cut in circular pieces of plat 
apere Ore O WO-= and placed on four dead-rolls for ease in positioning 


(Fig. 1). The Unionmelt DS Welding Head provick 
Ton Rebuilt b Union- with a 24-in. extension was mounted on a carriage 
VY adjusted to the proper level so that the nozzle could enter 
the bore. The beads of deposited weld metal were lai 
melt Process on in the longitudinal direction, the ram being turn 
one half-turn for each weld. Thirty pounds of meta! 
were deposited, reducing the diameter of the bore b 
1/5 in. 
HE tapered bore of a 4000-lb. forge hammer ram Due to the composition of the steel used it was neces 
was built up by the Unionmelt electric welding sary to preheat the ram to 600° F. The Unionmelt weld 
process in 8 hr. welding time. The bore is 14 in. ing process made it possible to return this part to servic 
long and is tapered from 6 to 5 in. diam. after only a few days in the shop; a job that would be pra 
The ram was first machined to remove impregnated tically impossible to do at all by any other welding 
copper from previous shimming. Then it was wedged process. 


Me 
Fig. 1—A 24-In. Extension Makes It Possible to Deposit Metal Within the 6-In. Opening 
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i th NI-ROD WELDS are the 
ol en friend of the production boss 
nder a who wants to cut out drilling, 


tapping, bolts and rivets 


EMBLEM za OF SERVICE 


turne mane 


neces 
It weld 
SeTVICt 
welding 


Look around your shop and count 
how many metal parts are being put 
through machine operations. Count 
how many take up machine time that 
you might better use for more pro- 
duction. Then consider how Ni-Rod* 
welds of iron-to-steel actually add 
strength,andsave machine shoptime: 


Take a good look at the cast iron 
spider in this wheel. It’s welded to the 
sheet-steel pressed rim. Welded with 
Ni-Rod electrodes for hard use on 


the Mt. Vernon Lime and Fertilizer 
Spreader. 


Before Mt. Vernon found out about 
Ni-Rod welding, they tried other ways 
of fastening these spiders and rims to- 
gether. But you know that drilling 
and tapping mean extra production 
steps, and that while bolts can fail, 
welds add strength. 


What you may not know is that 
really strong, sound welds can be made 
quickly between cast iron and steel. 


Those strong, tough welds are pie 
for Ni-Rod. If necessary they’re easy- 
to-grind welds, too, so the finished job 
looks neat and workmanlike. That 
brings smiles to the faces of salesmen 
and dealers. 


Want to know how Ni-Rod can 
help you, free? Drop us a card asking 
for special sample package of three 
Ni-Rod electrodes. Any diameter you 

3/ 


choose: Yoo /8 » /82 » OF “Age - 


They’re yours for the asking! 


*Reg. U.S. Pat. Off 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. 


Wheels of the Mt. Vernon Lime and Fertilizer Spreader (left 
and below) are now Ni-Rod welded—cast iron spider to steel 
rim. Thus much machine work is saved and appearance is 
improved. 
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AMERICAN WELDING SOCIETY 


ACTIVITIES=RELATED EVENTS 


SOCIETY NEWS 


WELDING TERMS AND DEFINITIONS 


A new, and far more comprehensive, 
standard covering welding nomenclature 
and definitions has been prepared by the 
A.W.S. Committee on Definitions. Be- 
fore submitting this standard for formal 
approval we are seeking the comments of 
those in industry. If you would like to re- 
view this proposed standard and offer 
comments write to §. A. Greenberg, 
AMERICAN WELDING SOCIETY, 33 W. 39th 
St., New York 18, N. Y., for a copy of 
“Welding Terms and Their Definitions.”’ 


SPECIFICATIONS FOR ARC-WELDING 
ELECTRODES 


Industrial users of arc welding will be 
interested in the four specifications for 
are-welding electrodes recently completed 
by the Committee on Filler Metal, jointly 
sponsored by the AMERICAN WELDING 
Society and the American Society for 
Testing Materials. 

The Tentative Specifications for Mild 
Steel Arc-Welding Electrodes and Tenta- 
tive Specifications for Low-alloy Steel 
Arc-Welding Electrodes represent a divi 
sion of the old Tentative Specifications 
for Iron and Steel Arc-Welding Electrodes 
The mild steel specifications include all 
classifications in the E60 series generally 
intended for welding mild steel. The 
low-alloy specifications include all classi- 
fications in the E70, E80, E90 and E100 
classifications intended for welding low- 
alloy steel and generally containing suit- 
able alloying elements to match the an- 
alysis and properties of these low-alloy 
steels. Classifications have been added 
in both specifications to cover the so 
called “‘low-hydrogen”’ electrodes. An- 
other innovation in these specifications 
which should make them much easier to 
use is the rearrangement of specification 
requirements so that all provisions con- 
cerning ‘“‘classification and acceptance”’ 
such as test results, standard sizes and 
lengths, and packaging have been grouped 
together. For those interested in actually 
testing electrodes, the details of testing 
have been similarly grouped together. 
By this separation of requirements, the 
user can more readily determine the 
classification best suiting his needs, 
without having to turn pages back and 
forth as was necessary under the old 


arrangement where each requirement 
was given directly followed by the details 
of test involved. 

Each specification contains a guide to 
the classification of electrodes as an ap- 
pendix. This guide was first introduced 
in the 1945 edition and was very well 
received. The information is intended to 
supplement the specifications and provide 
the user with information which will 
further assist him in determining the 
classification which will best suit his 
needs, 

The Tentative Specifications for Cor- 
rosion-Resisting Chromium and Chro 
mium-Nickel Steel Welding Electrodes, 
first issued in 1946, have been expanded 
so that 40 classifications, covering over 
85% of the stainless electrodes used now 
are included. There are ten series of 
four classifications each, including E308, 
E309, E310, E316, E317, E330, E347, 
E410, E430 and E502, which parallel the 
base metals of similar A.I.S.I. number 
The requirements have been rearranged 
as described above, and a guide to the 
classification of electrodes is included. 

The Tentative Specifications for Copper 
and Copper-Alloy Metal-Arc Welding 
Electrodes is the first in a series of speci- 
fications to be issued for copper and 
copper-alloy filler metals. Following the 
standard pattern of requirements and 
arrangement it includes classifications 
for copper, phosphor-bronze, copper- 
nickel, copper-silicon and aluminum- 
bronze materials. Arc welding of these 
copper alloys has increased considerably 
and these new specifications are expected 
to meet the need for suitable classification 
of the filler metal used. The Guide in 
these specifications should be specially 
helpful. Individual copies of all of the 
above specifications are available from 
either the AMERICAN WELDING SOCIETY, 
33 W. 39th St., New York 18, N. Y., or 
the American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3, 
Pa., at 25 cents each. 


WELDING PIPING IN MARINE 
CONSTRUCTION 


By publication of the Rules for Welding 
Piping in Marine Construction the AMERI 
CAN WELDING Society has endeavored 
to effect a uniformity in the classification 


858 


and basic welding requirements for piping 
of the governing agencies in the shipbuih 
ing industry. Since issuance of the firs 
edition in 1938, these rules have repy 
sented agreement among these governi 
agencies and the shipbuilders themsely 
In this new edition two important point 
have been revised and thereby clarified 
materials and classification of pipi 
It is expected that these chang: 
few minor editorial changes will mak 
document more useful 

In connection with the chang 
classification requirements it shoul 
pointed out that they have been 1 
conform more closely to require 
for stationary piping and have also | 
broken down into more specific grou 
making classification for given 
conditions far more simple and quick 

Copies of the Rules for Welding Pi 
in Marine Construction, 5 pages 
obtained from the AMERICAN W! 
Society, 33 W. 39th St., New York 
N. Y., at 25 cents each. The usu 
counts to members will apply 


A.LE.E. SPONSORING ELECTRIC 
WELDING CONFERENCE IN DETROIT 
DEC. 6-8, 1948 


Users, utilities and equipment 
facturers will each hear their viewpo 
on current welding techniques and p 
lems presented at a Conference on Electry 
Welding to be held in Detroit, Dec. (-s 
1948. Expected to attract atte! 
from the entire Great Lakes region, 
as a large number of local welding n 
the Conference is sponsored by the A: 
can Institute of Electrical Engineers 
Cooperating are the Detroit Section of th 
AMERICAN WELDING Society, the Michi 
gan Section of A.I.E.E. and the Industrial 
Electrical Engineers’ Society of Detroit 

Advance registration is mow in process 
with information and forms 
from L. E. Donelson, c/o Michigan Bell 
Telephone Co., 1365 Cass Ave., Detroit, 
26, Mich. Meeting headquarters will 
be at the Rackham Memorial Bldg. of 
the Engineering Society of Detroit 

Both arc-welding and resistance-welding 
subjects will be considered during tlic sis 
technical sessions. One highlight of the 
3-day program will be an inspection trp 
through an automobile assembly plan! 
Discussions and round table proceedings 
will be wire-recorded for publication ™ 
book form, along with all technical paper 
presented. Copies of the Confcrene 
proceedings may be ordered with advance 
registration forms or during the Conlet 
ence 
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@ There is no one type. Square D builds ae 
both magnetic and electronic controls of ho 
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types of applications. Specify Square D, TIMERS 
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*Reg. U.S. Pat. Office 


TWO-STAGE 


RESOLATOR 


The precision performance of the two-stage 
RegOlator is especially desirable for piped distri- 
bution systems and other applications where large 
volumes of high pressure gases must be controlled 
accurately. 


Two-Stage RegOlator Gives You Plus Performance! 


Constant delivery pressure regardless of drop in 
pressure at the inlet... Patented design incorpor- 
ates nozzle-type first stage counterbalanced by 
stem-type second stage... Triple action cartridge 
filter eliminates troubles usually caused by rust, 
dust or dirt. 


Write for complete information. 


Chicago 30, 


ASTIAN- 
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A session on fundamental 
welding will include high-spee. 
of the welding are and discy 
electrode burn-off rates, fun, 
observations of the are and new 
problems as they affect the requi: 
ing equipment. 


Are 
of 
mental 
welding 
d weld 


Inert-arc welding will be thx keynot 
of another session on subjects as “ FJj; 
tion of Radio Interference,’ 
Interference Rulings,’’ ‘Tungsten Ar 
Welding” and “Effects of Inert Atmoc 
pheres on Weldability.”’ 


‘liming 


Resistance welding results with 3-phag 
systems vs. single phase will be the basj 
for a unique round-table  discussioy 
Papers will be summarized and author 
will then give 5-min. discussions of 4) 
material presented. Audience particip 
tion will then be encouraged, as well 
informal debates among authors who wij 
act as a “‘board of experts.” 

An evening session devoted to maj) 
tenance and maintenance training will 
open to the public. Installation metho 
use of instruments, corrective and p 
ventive maintenance, will each 
attention. 


recety 


Two final sessions will be devoted to th 
problem of supplying power to welding 
loads in the plant and by the utility up t 
the service entrance. More  accurat 
methods of determining the effect of 
welders on utility systems and the requir 
ments for plant distribution systems will 
be presented. 

Registration is open to both member 
and nonmembers of A.I.E.E. upon pay 
ment of a $3.00 fee. 


BUSINESS MEETING AND MEETING 
BOARD OF DIRECTORS ADVANCED 


At its meeting on September 16th th 
Board of Directors voted to advance th 
annual Business Meeting from its regular 
time on Friday Afternoon to Monday 
Afternoon, October 25th, 2:00 P. M. dur 
ing the Annual Meeting to be held at th 
Bellevue Stratford Hotel, Philadelphi 
The Business Meeting was advanced ! 
order to allow the A.W.S. members 
opportunity to attend on Monday after 
noon. The annual Business Meeting will 
be followed by a meeting of the new an 
old Board of Directors at 3:30 P.M 


Employment 
Service Bulletin 
POSITION VACANT 


V-229. Welding Research Engin 
wanted. Engineering graduate wit! 
to five years’ experience. Knowledg 
electrical and electronic controls for resis! 
ance welding machines and an acquall 
ance with ferrous metallurgy desirabl’ 
Major assignment resistance welding ™& 
search. 
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how Ransome 
“DOWNHAND” 
welding positioning 


@ ups production 50% 

@ cuts work in half 

@ gives better, neater welds 
@ reduces rod waste 5-7% 
@ makes work safer 


4 Ransome 12 Ton Welding Posi- Ransome 2500 Ib. Welding Posi- 


tioner at Marion Power Shovel tioner being used with automatic 
Co., Marion, O. Gear being weld- welding head at Wooldridge Mfg. 
ed and preheated at same time. Co., Sunnyvale, California. 


RANSOME POSITIONERS .. . constant or vari- 
able speed rotation through full 360° in either direction 
.. wide welding speed range .. . 135° tilting hand or 
motorized as required... permits Downhand welding at 
any angle .. . capacities 100 lb. to 40,000 Ib. 
RANSOME TURNING ROLLS .... standard 
capacities 42 to 45 tons, stationary or self-propelled, 
also larger sizes available. 


Nansome- 


WELDING Dunellen, N. J. 
50% F POSITIONERS Please send Bulletin 210C on Ransome Positioners. 
A 
INDUSTRIAL DIVISION Ts Dow iS | | 
RANSOME MACHINERY COMPANY | 
Address | 


A SUBSIDIARY OF WORTHINGTON PUMP AND MACHINERY CORPORATION i 
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Front Row (Left to Right)—W. B. Brewer, Jerry Fiegener and Howard N. Simms, Oklahoma City; H. Jackson, Jas A. Hynds and C Brinton 
Swift, Denver; H. G. Abbott, Kansas City. Back Row (Left to Right)—H. W. Beeman and Ray L. Townsend, Wichita; James B. Dayis 
Tulsa; Frank Neal, Houston; Walter Geppelt, Tulsa; S.G. Browne, Wichita; Cecil Boarch, Kansas City; Frank O. Johnson, Tuls; 


W. J. Snider, Geo Williamson and Sam Walker, Kansas City; L. D. Robson, Oklahoma City 


DISTRICT 6, A.W.S., HOLDS MEETING 


The annual meeting of the officers of 
District Six was called to order at 10:00 
A.M., July 17th, at the Auditorium Hotel 
in Denver, Colo., with Howard N. Simms, 
District Vice-President, presiding, assisted 
by Ray Townsend, District Vice-President 
elect. 


son, Chairman; H. G. Abbott, Vice- 
Chairman; Sam Walker, Secretary-Treas- 
urer; Cecil Poarch, Program Chairman; 
W. J. Snider. 

Tulsa Section: Frank O. Johnson, 
Chairman; J. B. Davis, Vice-Chairman; 
»Walter Geppelt, Treasurer. 

Denver Section: H. Jackson, Chairman; 
J. A. Hynds, Vice-Chairman; C. Brinton 


to the sections. 

2. To delegate a 
the educational program for t! 
year. Ray Townsend, Vice-P: 
elect, was delegated for this i: 
post. 
3. To set aside all funds earne 
previous years to be used for edu 
purposes. 


person to corre] 


The following sections were represented: : 
= es Swift, Secretary-Treasurer; and the fol- 4. To use a Registration Card at 


lowing members of the executive com- educational programs, so a cro 
mittee: G. H. Garrett, J. H. Johnson, of the audience’s reactions can b 
Maurice Eddy, J. L. Fry and Ed J. piled. Ray Townsend, Vice-P: 
Birens. elect, was delegated to arrang: 
and distribution to the various sectior 
5. To hold the next Regional M: 
July 16, 1949, at Galveston, 


Oklahoma City Section: L. 
Chairman; W. B. Brewer, Treasurer; 
Jerry Fiegener, Program Chairman; 
William Klein, Board Member; Louis 
Aker, Board Member. 

Wichita Section: S. G. Browne, Chair- 
man; H. A. Beeman, Vice-Chairman. 

South Texas Section: Frank Neal, Vice- 1. To be careful in the selection of Houston Section will be the host 
chairman. speakers; contacting the men who have a 6. To hold a membership rac: 

Kansas City Section: paper of interest and educational value upon the percentage gain. The lo 


D. Robson, 


A brief summary of the motions adopted 
during the day is as follows: 


seorge William- 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 


DEPENDABLE 


FOR WELDING and CUTTIN CG 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


NATIONAL CARBIDE CORPORATION New York 17, N. Y. 
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NSYLVANIA 


Brinton 
Davis 


n, Tulsa 


WEST VIRGINIA 


f- NORTH CAROLINA 


SOUTH CAROLINA 


TAKES organization and experienced 
personnel to meet the welding needs of the 


busy industrial area served by Southern 


gi. 


Oxygen Company, Inc., a leading distribu- 
tor of Alloy Rods Company electrodes. This 
progressive distributor, one of the nation's 
largest in the welding electrode and equip- 
ment field, maintains twelve warehouses 

at key points in this 10-state territory, 

to serve their customers better. 


This complete coverage assures custo- 
mers of speedy, dependable service. Southern 
Oxygen Company engineers, backed by ex- 
perienced Alloy Rods Company engineers, 
are always ready to help you solve your 
urgent welding problems . . . quickly 
and efficiently. 


Alloy Rods Company distributors across 
the nation are equally conscientious about 
service. You can rely on them for the best 


electrodes for your job . . . for welding stain- 
less steels, cast iron, tool steels, mild steels and 
various alloys. Alloy Rods Co., York, Pa. 


[me Southern Oxygen Company Plants: Washing- | 


/ ton, D. C.; Greensboro, N. C.; Kings- 


Y. port, Tenn. 
Southern Oxygen Company Offices: 

Roanoke, Va.; Asheville, N.C.; Bluefield, 
"OBER W. Va.; Huntington, W. Va.; Richmond, 


Va.;: Norfolk, Va.; Baltimore, Md.; 
, Philadelphia, Pa.; York, Pa 


Southern Oxygen Company Branch Warehouses. 


OXYGEN COMPANY 
SOUTHERN OXYGEN 
3 SERVICE ON | q 
KENTUCKY 

resident |_@ ? i 
/ \ 
4 
> 
\ —" f 
\ 
| ava 
York, Pa. 


buy the dinners at the Regional Meeting 
at Galveston, Texas. A lively discussion 
on membership was had when the per- 
centage gain of the various sections was 
announced. From a low of 4.93°;, for 
Kansas City that paid the dinner check 
for being the low gain on last 
content to a high of 84.7°, 
Section 


year's 
for Wichita 


7. Todivide District Six into two parts 
for the selection of speakers and programs: 


The day’s events were 
upon 


brought to a 
close returning to the Denver 
hotels after a leisurely trip through the 
mountains and enjoying the lights of 
Denver, as far as thirteen miles away. 


Membership Gains for Sections in A.W.S. 
District No. 6 for Period 6/1/47-6/15/48 


Net Per 


ment of the American Society fi 
sponsors of the annual Metal Co: 
Exposition in the East. 

In announcing the Wester 
Show, Eisenman stated that a fins 
program is being developed by tt 
in cooperation with the western 
20 other national technical 
Leading scientists from both th 
producing and -consuming indus 


Gain Cent participate in making the Weste: 
Congress a timely source of vital] 
tion on all phases of metal 
Manufacturers of basic material 
as processors of all types of j 
products will display the latest 
ments and techniques of their bu 
what is promised to be the most 
hensive and impressive 


the Southern half, consisting of Oklahoma 
City, South Texas and Tulsa, Okla.; 
the Northern half consisting of Denver, 
Col., Wichita, Kan., and Kansas City, 
Mo 


Colorado—2 
Kansas City 
Oklahoma 


City—3 
South Texas 


extend appreciation to the 
Denver Section, host at lunch, and to 
H. Jackson, Chairman of the Section 
who had carried on the majority of the 


planning, for this meeting. 


Tulsa—4 exposit 


‘ held on the West coast. 
Wichita j j “The 


Western Metal Congr 
Western Metal Exposition,’ sai 
man, ‘“‘will be by and for the manuf 
and the scientists located in the 1] 

Metals 
and product 
the progress and 
industrial 


At the adjourning of the 
delegates enjoyed 
beautiful Rocky 


lightful scenic 


meeting the 
a three-hour tour of the 
Mountains. This de 
tour ended at the beautiful 
Mount Vernon Country Club, where a 
delicious banquet was served with the 
compliments of the Kansas City Section 
of the Society. This responsibility was 
met after losing the membership contest Announcement 
conducted during the past year. W. H 

The evening’s entertainment 

‘The Hartford Harmoneers,’’ a group 
composed of employees of The Hartford 
Steam Boiler Inspection and Insurance Co. 
Many of the ‘‘Harmoneers’’ are members 
of the Colorade Section of the AMERICAN 
WELDING SOCIETY. 


Total 126 
states. themselves, met 
cesses assembly will ref 
ability of this import 
through technical 
educational sessions and through the dj 
play of products on the floor of th 
Auditorium.’’ 
AMERICAN 
operating 


area 


WESTERN METAL CONGRESS 


was made recently by 
Eisenman, National Secretary, 
American Society for Metals, that the 
Sixth Western Metal Congress and 
Western Metal Exposition will be held in 
Los Angeles at the Shrine Auditorium, 
April 11 through April 15, 1949. 

This Western Metal Congress and Ex- 
position will again be under the manage- 


; WELDING SOCIETY is 
consisted 


Remember the dates 
April 11-15, 1949 
Los Angeles 


ERVICE*BUILT FOR BETTER SERVICE®*BUILT FOR BETTER 


Now Eutectic Research offers a vastly 
titted EutecTrede 24 for AC or DC (reverse or straight). 
Fully machinable thru the weld and weld zone. EutecTrode 24 
will not cross-check. Application is mild steel type (no pre- 
heat). Non-fuming (clear arc at all times). Appearance of 
finished weld has mild steel electrode finish. FRIGIDARC 
coated to make a smoother, sounder FRIGIDWELD that 
matches base metal in strength and appearance. 


There is a EUTECTIC LOW HEAT ALLOY to 
serve every industrial welding need. Crder now for all your 
needs. Send for information and free field consultation service. 


ie, 160 FIELD ENGINEERS 
EUTECTIC 


WELDRODS 


EUTECTIC WELDING ALLOYS CORP. 


40 Worth Street, New York 13, N. Y. 


DOCKSON’S #145 outfit shown above is vesatile and 
handy capable of handling almost any light or 
medium welding or cutting job up to 3-inch steel. 
The #145 is designed and constructed for long, trouble 
free service. Scientifically balanced for effortless opera 
tion. @ It’s a quality kit at low cost. 

(Write for welding and safety catalogs.) 


DOCKSON CORP. 3839 WABASH « DETROIT 8, MICH 


BUILT FOR BETTER SERVICE*BUILT FOR BETTER SERVICE*BUILT FOR BETTER 


BUILT FOR BETTER SERVICE 
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THE NEW AND REVOLUTIONARY 


4 
ARC \ 


@lectrode in coils, providing the s phy steal. 
Fesuits as heavily coated 


RACO Composite Type A is a ie a 


ELDING- 


sizes 3 (approx. No. 7 (approx: 


No. 6 (approx. No. 5 (approx. 


No. 4 (approx. Me"), and No. 3 (approx. 


With RACO Composite Typewty sae Oe are 36 inches |.D., and weigh 100 


speeds can be obtained. ‘ 


It can be used with all standard automatic ore 


130 pounds net 
LiGHTLY COATED AUTOMATIC ELECTRODES:— 


welding heads with the addition of adepter = RACO Types “D”, "M", M-9 (Knurled), Plain 


and contact device illustrated. ‘4 


RACO Composite Type A can be had with any } 
gcetylene welding wires, Furnished in coils and 
straightened and cut lengths. 

tensile grades 8020;8030,9020;9030; 
10020; 10030, This electrode can also be fur- — 
nished in three grades of hard surfacing — 


of the following coatings—A.W.S. 6012; 6020; 
6030; 7020; 7030, and corresponding high 


material for building-uvp—RACO 25 (20-25 
Rockwell C), RACO 45 (40-50 Rockwell C) and 
RACO 55 (50-60 Rockwell C}. RACO Composite 
Type A Electrode is furnished in the following 


Mill Finish and Copper Coated Wire in coils. 


We draw a full line of copper coated oxy- 


We further manufacture a complete line of 
heavy coated manual electrodes for welding: — 
Mild Steel—High Tensile Steels—Stainless Stee! 
— Manganese Steel—Cast lron— Nickel — Mone! 
—\nconel and Aluminized Steel. 


Write for full information. 


"SINCE 1919 PRODUCERS OF ARC WELDING ELECTRODES AND: WELDING R 
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NEWS OF THE INDUSTRY 


RESISTANCE WELDING SALES 


Shipments of resistance welding equip- 
ment by member companies of the Resist- 
ance Welder Manufacturers’ Association 
continued their spectacular climb in 
July, with a gain of almost one-half million 
dollars worth of equipment shipped as 
compared with the previous month. 
According to T. S. Long, President of 
the Association, July shipments were 
well ahead of July 1947, and almost four 
times the shipments in the corresponding 
month of 1939, the best year just prior to 
the war. 

Despite the high rate of shipments 
being maintained, backlog of orders 
showed only a small drop in July, due to 
the large numbers of new orders for equip- 
ment placed with the equipment manu- 
facturers, the Association reports. 

‘The outlook for the future is definitely 
encouraging,’’ Mr. Long said in releasing 
the July figures. ‘‘The third round of 
wage increases has brought home to in- 
dustry the necessity of acquiring equip- 
ment which will increase production 
while reducing costs.” 


Less Steel Required 


“In addition,” Mr. Long pointed out, 
“resistance welding is enabling manu- 
facturers of all kinds of consumer goods 
to reduce the amount of steel required, 
while simultaneously increasing strength 
and durability of their products. With 
steel still as critical as it is, this is an 
important factor in maintaining a high 
output rate of consumer goods in which 
steel is used. In other words, a better 
product can now be produced with less 
steel and the available steel can be 
stretched out to produce more products 
such as stoves, washing machines, re- 
frigerators, etc. In some cases the 
amount of iron and steel used in a product 
has been cut as much as 50% through 
redesigning the product for resistance 
welding.” 


1948-49 ENGINEERING UNDER- 
GRADUATE AWARD AND SCHOLAR- 
SHIP PROGRAM ANNOUNCED BY 
LINCOLN ARC WELDING FOUNDATION 


The Trustees of The James F. Lincoln 
Arc Welding Foundation, Cleveland, 
Ohio, recently announced Sept. 15, 
1948 to Apr. 1, 1949 as the period for 
submitting entries in its annual Engineer- 
ing Undergraduate Award and Scholar- 
ship Program. The current competition 
is the second in a 10 yr. series of pro- 
grams which offer to engineering under- 
graduates (including agricultural engi- 
neers) the opportunity to compete in the 
preparation of papers on various phases of 
welding for monetary awards as well as 
scholastic and industry recognition. 


Dr. E. E. Dreese, chairman of the. 


Board of Trustees, describes the purpose 
of this series of programs as the encour- 
agement of the study of the science, tech- 
nology and application of are welding 
through the preparation of papers by 
students of engineering institutions of 
higher learning upon whose shoulders 
rests the responsibility for future industrial 
progress. 

The Program contains two interde- 
pendent plans: The Award Plan and the 
Scholarship Plan. Under the Award 
Plan, engineering students of various 
engineering schools and colleges will 
submit papers on arc-welding applications 
gr arc-welding technology. Awards for 
the best papers will be made to students as 
follows: 


Number of Amount of Total Amount 


Awards Each Award of Awards 
1 $1000 $1000 
1 500 §00 
1 250 250 
4 150 600 
8 100 800 
12 50 600 
50 25 1250 
77 $5000 


The Scholarship Plan is as follows: 
The institutions in which the three 
top awards are made to students will 
receive amounts of money equal, re- 
spectively, to those awards. These 
amounts are to be used for the purpose 
of scholarships in the departments in which 
the award students are registered. The 
department of the institution in which 
the first award winner is registered will 
receive $1000 for four annual scholarships 
of $250 each. The department of the 
second award winner will receive $500 for 
two annual scholarships of $250 each 
The department of third awardee will 
receive $250 for one annual scholarship. 


Total Amount 
Number of Amount of Each of Scholarship 


Scholarships Scholarship Funds 
4 $250 $1000 
2 250 500 
1 250 2: 
7 $1750 


Students’ papers may fall in one or 
more of the following catagories: (1) 
Design; (2) Maintenance and Repair; 
(3) Welding Fabrication; (4) Research 
and Development. 

Resident engineering undergraduate stu- 
dents registered in any school, college or 
university in the United States, which 
offers a curriculum in any branch of engi- 
neering (including agricultural engineer- 
ing) or architecture leading to a degree 
and cadets registered in the United States 
Military Academy, United States Naval 
Academy and Coast Guard Academy are 
eligible to submit papers in this Award 
Program. 


870 


The rules of the program were reviewed 
and approved by the Deans of Engineering 
of 14 prominent engineering coll; ges Ae 
may be obtained by writing The James F 
Lincoln Are Welding Foundation, Cley, 
land 1, Ohio. 


A.S.T.M. MEETINGS 


1949 (Fifty-Second) Annual Meeting 
Hotel Chalfonte-Haddon Hall, Atlant; 
City, N. J., June 27th to July Ist, jn 
clusive. 

1949 Spring Meeting and ASTM 
Committee Week, Hotel Edgewater Beach 
Chicago, Ill., February 28th to Marc} 
4th, inclusive. 

1949 West Coast Meeting (first nations 
meeting of A.S.T.M. on the West Coast 
Fairmont Hotel, San Francisco, Calif 
October 10th to 14th, inclusive. 


THE STEEL TANK & PIPE COMPANY OF 
CALIFORNIA 


From and after July 1,1948, the Berkeley 
plant of this corporation will be operate 
as a unit of its parent company, Cor 
solidated Steel Corp., which after that 
date will conduct its business under the 
new corporate name of ‘Consolidate: 
Western Steel Corp.”” This will not in 
volve any material change in our gener 


business policies or practices or in the 
management or employee personnel 
The respective mailing and delivery 


addresses of our office and plant will, « 
course, remain unchanged. 


FEDERAL PURCHASES WARREN CITY 
MFG. CO. 


The Federal Machine and Welder 
has arranged to purchase the plant and fa 
cilities of the Warren City Mfg. Co. fr 
the U.S. Navy. 

Federal has been operating this plant 
building a complete line of all-welded 
presses, since January 1946, when it a 
quired the stock of the Warren City Mig 
Co. The original plant was expanded anc 
equipped in 1942 by the U.S. Navy 
cost of approximately $7,000,000 for th 
production of Diesel engine blocks 4” 
landing craft. The plant is located in War 
ren, Ohio, and is approximately one-qua! 
ter mile in length with a floor area 0! --9 
000 sq. ft. The plant contains over 4 
pieces of equipment and is one of the mos! 
modern and complete shops in the natio! 
for fabricating, welding, machining 4" 
assembling presses and other types 
heavy equipment 
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WELDERS 


PREFER CHAMPION’S BLACK DEVIL (AWS £6020) OR 
THE BLACK DEVIL “75” (AWS £7020) AND BLUE DEVIL 
(AWS E6010) ELECTRODES FOR TANK WELDING 


For the welding of large tanks involving heavy 
plate thicknesses it takes a combination of three 
Champion electrodes to get the best results. The 
Black Devil electrodes are used for flat position 
welding and the Blue Devil for out of position 

welding on nozzles and fittings. These electrodes 

are fast and produce welds with the highest of 

physical characteristics which will pass the 
most rigid inspection. : 


For consistently top notch results on the 
toughest welding problems...always use 
CHAMPION WELDING ELECTRODES— 
“they have to be good to be Champions.” 


A “Team” of CHAMPIONS covers 
every welding requirement. Send 
for bulletin describing each elec- 
trode and its application. 


RIVET COMPANY 
CLEVELAND, OHIO EAST CHICAGO, IND. 
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CHAMPION Electrodes are Weld Rated Electrodes 
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‘(GENERAL ELECTRIC'S ENTIRE WELDING 
EQUIPMENT DIVISIONS NOW LOCATED 
AT FITCHBURG, MASS., PLANT 


The first complete large-scale welding 
equipment business to be located entirely 
within the New England states was com- 
pleted recently when final components of 
the General Electric Company’s welding 
equipment divisions moved to Fitchburg, 
Mass., it was announced by C. I. Mac- 
Guffie, Welding Equipment Divisions 
sales manager. 

The sales and application engineering 
divisions of the welding equipment divi- 
sions have now joined the d.-c. welder 
manufacturing plant in Fitchburg, Mass. 
This move, coupled with the prior estab- 
lishment of the a.-c. welder factory in 
Holyoke, Mass., makes New England one 
of the major arc-welding centers of the 
world. 

Under the new organization, sale of G-E 
welding products for the entire New Eng- 
land area will be handled by the Welding 
Engineering Sales Corp., Boston, Mass. 
In addition, portions of western Massa- 
chusetts, Maine, Vermont, and New 
Hampshire also will be served by direct 
factory sales from General Electric arc- 
welding headquarters in Fitchburg. 

The General Electric line of welding 
products to be sold and serviced from the 
new location is composed of a.-c. welders, 
including inert-arc and atomic-hydrogen 
welders, d.-c. welders and automatic 
machine welding equipment. G-E weld- 
ing electrodes and accessories also will be 
sold from the Fitchburg office. 


LINCOLN ELECTRIC ESTABLISHES 
FIELD SERVICE SHOPS 


The Lincoln Electric Co. of Cleveland, 
Ohio, manufacturer of arc-welding equip- 
ment, is now authorizing outstanding 
service and repair organizations in all the 
principal industrial centers of the United 
States to be field service shops for Lincoln 
equipment. The shops are making im- 
mediately available in all parts of the 
country Lincoln factory parts and factory 
service. 

Each field service shop is sending men 
to the Cleveland plant for training as 


“Skull Session” at the First Lincoln Electric 
Service School 


Intensive training in both theory and 
practical application of Lincoln equipment 
is given to the men being sent in by newly 
established Lincoln field service shops. 
Field service shops have been established 
in principal industrial centers from coast to 
coast. Standing at the board is Robert 
Wilson who conducts the school and is the 
Director of training for The Lincoln Elec- 
tric Co, 


experts in the repair and service o; Lincolr 
welders of all types. These men wij] as 
only make repairs in their respective 
organizations but will be available {,, 
preventive maintenance servic All 
shops are offering a regular periodic 
checking and adjustment service to be 
done in the customer’s own plant to 
prevent serious trouble and maintajy 
efficient operation of the welders. 

The field service shops will also handle 
at factory prices parts for all types of 
Lincoln welders; a.-c. transformer type, 
d.c.-d.c.,a.c.-d.c. as well as engine driver 
welders. Parts for the Hercules, Wi 
consin and Continental engines used | 
Lincoln will also be stocked. 

Field service shops have been authorized 
in industrial centers from coast to coast 
while approximately every two weeks , 
new group of men is graduated from ¢} 
special service training course at th, 
Lincoln plant to go back to their ow 
organizations as expert welder repairme: 


STUDY OF WELDED CONTINUOUS 
FRAMES 


A five-year project for the study oj 
welded continuous frames applicable 1 
building and bridge construction has bee: 
assigned to the Fritz Engineering Labor 
tory of Lehigh University, according toa 
announcement made recently by Dr 
Harvey A. Neville, director of the Lehig! 
Institute of Research. 


want. MARK your workpiece with it. 
WHEN the Tempilstik® mark melts, 
the specified temperature has been 
reached. 


available in these temperatures (°F) 


125°, 138°, 150°, 163°, 175°, 
and so on to 400°F 

400°, 450°, 500°, 550°, 600°, 
and so on to 1600°F 


Also available in pellet or liquid form. 


TEMPIL CORPORATION 
132 W. 22nd St., New York 11, N. Y. 


actual working conditions at the temperature of 


TEMPILSTIK 


the amazing crayons that 
tell temperatures 


eee IN WELDING 
FLAME-CUTTING 
TEMPERING 
FORGING 
CASTING 
MOLDING 
DRAWING 
It's this simple: SELECT the Tempilstik® STRAIGHTENING 
for the working temperature you HEAT-TREATING 
IN GENERAL 


gives up 
to 2000 
readings 


FRE E~—Picose send sample pellets. | wont to try them under our 


Any 


P. O. Box 2344 


HELIUM FOR SALE 


Medical Helium-Oxygen Mixtures 


Phoenix, Ariz. or Houstin, Texas 


DYE OXYGEN COMPANY 


Oxygen & Acetylene’’ 


Immediate Delivery 
amount, your cylinders or ours. 
Also for Sale 
Helium Cylinders 


F.O.B. 


Phoenix, Arizona 


Phone 2-2612 


° Fohrenheit. 


COMPANY 


ADDRESS 


MONT 


FOR SALE 


NEW 60 METER 
OXYGEN PRODUCING 


IN ORIGINAL PACKING 


CIA PRODUCTORA DE OXIGENO, S. A. 


PLANT 
by Superior Air Products Co. 


APARTADO 318 
ERREY, N. L., MEXICO 
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Tips 


for 
45 BETTER 


RESISTANCE 


a WELDING 


When designing your product for resistance weld- 
ing, be certain of its weldability by consulting your 
welding engineer or superintendent. Check the 
RWMA Manual for recommended edge distance, 
contacting overlap, spot facing, electrode clear- 
ances, projection design, etc. Don’t incur the costs 
of redesigning. 


For good welding results, be sure that your mach- 
ine has sufficient electrical and mechanical capacity 
for the job. 


For lower costs and best effects, use standard 
Weiger-Weed electrodes wherever possible. Don’t 
use special or irregular tips when standards will 
produce the same or better results. You may need 
a different holder. 


Care must be exercised to use electrodes or dies of 
correct material, size and shape for your applica- 
tion. There is a correct size specification in tips for 
welding of all gauges. Don’t use small tips on 
heavy gauge metal. 


Keep on hand standard recognized welding data 
and consult frequently with your Weiger-Weed 
Field Engineer. Use the RW MA Manual for recom- 
mended tip diameter and welding face for the 
thickness of stock to be welded. 


Provide an adequate cool water supply to each 
welding machine at a minimum of 30 pounds line 
pressure. Don't circulate hot water from one ma- 
chine to another. 


Reduce tip damage, down time and maintenance 
by using ejector type water-cooled holders when- 


9 


10. 


11 


13. 


14. 


ever possible. Use a rawhide or lead hammer 10 
set-up aligning operations or when striking ejector 
buttons to remove tips. Don't use steel hammers, 
wrenches or chisels to remove tips. They may dam- 
age both tip and holder. 


Be certain that the water inlet hose is connected to 
the holder inlet so that water first passes through 
the center cooling tube. Don't use holders with 
leaky heads or tapers. 


Use holders which will pass at least two gallons of 
water per minute. Don't allow holders or water 
lines to become clogged with deposits. 


Use holders with free working extension tubes. Be 
ter ving that the extension cooling tube in the 

older reaches to within 4 inch of the bottom of 
the tip water hole. 


Keep tip and holder tapers clean and free from 
foreign deposits to allow easy passage of the weld- 
ing current. A thin film of castor oil or graphite 

rease is harmless and facilitates tip removal. 
Bon’ destroy electrical connection by using white 
lead or other foreign materials in an attempt to 
seal a leaking taper. 


Dress the tip welding faces regularly to insure 
sound welds. Neglect produces bad, uneven welds. 


Always provide your tips, dies and seam welder 
wheels with adequate water cooling. You will 
benefit by better welds and longer electrode life. 


Use clean stock wherever possible. Don’t sacrifice 
welding quality and electrode life by using rusty, 
oily or dirty stock. 


15. Remember that good resistance welding is accom- 
plished by a proper application of current, time and 
pressure. Maintain the correct balance of these 
three very significant factors. 


How do these tips check with your experience? What other points would you add? 
You are cordially invited to write us in the interest of most efficient resistance welding. 


Weiger-Weed produces high 
wheels, and special dies for flash, 


uality spot welding sips. holders, seam welding 
utt and projection weldi 


ng. Deliveries are prompt. 


Standard electrodes and holders supplied from stock. Write for recommendations on 
your problems. Weiger Weed & Company, Division of Fansteel Metallurgical Corpo- 
ration, 11644 Cloverdale Ave., Detroit 4, Michigan. 
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To be conducted at an estimated cost 
of $13,000 per year, the study is being 
sponsored by the Welding Research Coun- 
cil, the American Institute of Steel Con- 
struction and the United States Navy 
Office of Naval Research. The Column 
Research Council is also cooperating in a 
consulting capacity. 

An outgrowth and intensification of 
previous Fritz Engineering Laboratory 
testing programs which were conducted 
as early as the prewar period, the new 
program titled, ‘‘Ultimate Strength of 
Welded Continuous Frames,’’ will be 
under the direction of Dr. Bruce G. 
Johnston, director of the Fritz Engineering 
Laboratory. 

Earlier testing programs at _ Fritz 
Laboratory have suggested the possibilities 
of greater strength in welded frames of 
buildings and bridges than is indicated 
in present design formulas. in- 
tensified program aims to (1) determine 
the basic behavior of beams, columns and 
welded frames and (2) to develop design 
procedures for continuous welded frames 
applicable to building and bridge con- , 
struction. 


In commenting on the program, Dr. 
Johnston explains, ‘“‘In the usual design 
procedure the working load has a speci- 
fied factor of safety with respect to the 
load at initial yield. The actual collapse 
or ultimate strength of a continuous 
frame may be much greater than that 
predicted by the elastic theory such as 
the Hardy Cross moment distribution 
method. 

“If the real or collapse strength of a 
structure is divided,’’ Dr. Johnston con- 
tinues, ‘“‘by a specified factor of safety, 
or ‘load factor,’ to give the working load, 
a more realistic design basis and great 
economy may be realized. Although 
this design procedure has been called 
‘limit design’ or ‘load-factor design’ it is 
quite possible that in certain applications 
its inherent advantages may be realized 
within the scope of existing design 


methods.” 


EDUCATION IN WELDING 
Student at New York University College 
of Engineering spot welds two pieces of 
sheet metal together in order to check the 
electrical characteristics of a standard 


commercial resistance welding 

This is part of the intensive training 
given in the College’s Electrical Engineg 
ing Laboratory which will help siudent 
design, develop and utilize similar appa. 
atus in industrial plants later. 

Equipment under test uses an ignitro, 
control and electronic timing which helpg 
assure uniformly perfect welds. 


ee Buy “PROVEN FLUXES” 


Years of GUARANTEED SATISFACTION 


behind these GOOD 


“ANTI-BORAX” FLUXES 


Insist on them — Unequalled Quality 


No. 1 Cast lron Welding Flux 
No. 2 Brazing Flux for Brass, Bronze, Steel, etc. 
No. 4 Braz-Cast Flux for Bronze Welding Cast Iron 
No.5 &8 Cast & Sheet Aluminum Fluxes 
No.9 Stainless Steel Welding Flux 
No. 11 Tinning Compound 
No. 16 Silver Solder Paste Flux 


Mfg. By 
ANTI-BORAX COMPOUND CO., INC. 
Fort Wayne, Ind. 


Time Counts = 
Gas cut and Weld with 


SHAWINIGAN PRODUCTS 


CORPORATION 
EMPIRE STATE BUILDING, NEW YORK 


TIP CLEANING DRILLS 
Mounted in Knurled 
BRASS Handles 


LARGE STOCK 
PROMPT DELIVERY 


DISTRIBUTORS WANTED 
NEW MEXICO STEEL CO. 


Box 1546, Santa Fe, N. M. 


WELDING CONNECTORS 


Saxe Systern Welded Connection Units 
for welded assembly 

Saxe Unite place in position and securety hold together structura! 
parts to be welded. 

_ As used in many welded structures they eliminate all hole punch 
ene. producing an economical, rigid, safe and quickly erected structural! 
rame. 

Write for descriptive literature 


J. H. Williams & Company 
Buffalo 7, New York 


G. D. Peters Company 
Montrea!] 2, Canada 
Canadian Representatives 


“ELECTROEOY" for RESISTANCE WELDING 


Butt 

Flash 

Spot 

jj Seam 
VY Projection | 


Catalog 


OFFSET HOLDER THE Evectrorov Co. Inc. 1600 Seaview 


on request 


.Briocerort,Conn. WELDING ROLL 
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INUTE, FULL-COLOR, SOUND MOTION Pi 


DESCRIBES .. . INSTRUCTS ... EXPLAINS... 


all phases of resistance welding—spot, seam, and projection. Shows 
how each type can best be used, how rejects can be cut, production 
increased (actual examples given), material is saved, and efficiency 
improved, at lower cost. 


Produced under the supervision 
of the General Electric Welding 
Laboratories in co-operation with 
the Resistance Welder Manu- 
facturers’ Association. 


Apparatus Dept., Sec. D645-46 

General Electric Company 

! Schenectady 5, N. Y. 
Gentlemen: | 

| I'd like to see ‘This is Resistance Welding,’’ Gen- | 

leon | eral Electric's More Power to America movie. 

| 
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NORTHACKER MADE PRESIDENT 
PURCHASERS’ CLUB 


Alfred A. Northacker, Pressure Vessel 
and Heat Transfer Equipment Buyer, 
The M. W. Kellogg Co., New York, N. Y., 
will be installed as President of the 
Metropolitan Purchasers’ Assistants Club 
of New York City at their first 1948-49 
association meeting, to be held at the 
Midston House, on Sept. 14, 1948. 

Mr. Northacker, with the Kellogg 
Co. since 1936, has previously served the 
M.P.A.C, in the capacities of President, 
1947-48, Vice-President, 1946-47 and 


Chairman of the Education4? Committee, 
1945-46. He is also a member of the 
AMERICAN WELDING Society, American 
Petroleum Institute, Office Executives 
Association of New York and the Ameri 
can Society for Metals. 

Other officers for the 1948-49 association 
year are: Lester N. Read, Purolator 
Products, Inc., Vice-President; John J 
Sharkey, Culbert Pipe & Fittings Co., 
Secretary; and Robert O. Condit, Ameri- 
can Oil & Supply Co., Treasurer. 


D. BRUCE JOHNSTON JOINS MACTON 
MACHINERY CO. 


The Macton Machinery Co. are design- 
ers and builders of special machinery such 
as turntables of all descriptions. A pro- 
duction item, in this category, is an auto- 
mobile display turntable for use in show 
rooms, The largest turntable designed to 
date is 76 ft. in diameter, although this 
has not as yet reached the construction 
stage. 

The company builds special conveyors of 
various types such as a four-belt packing 
conveyor for the Life Savers Corp. located 
in Port Chester, and stainless steel con- 
veyors for two large bakeries in New York 
City. 


PERSONNEL 


The basic structures for all of the above 
are entirely of welded constructions. 

Mr. Johnston states the company is pre- 
pared to undertake experimental projects 
or the building and operation of experi- 
mental machinery. Mr. Johnston is still 
available for consulting work individually 
or in conjunction with the company. 


FRARY HONORED 


Francis Cowles Frary, Director of 
Research, Aluminum Company of Amer- 
ica, was recently elected to receive the. 
Gold Medal of the American Society for 
Metals for 1948. 

According to the announcement by W. 
H.» Eisenman, national secretary of the 
Society, the A.S.M. Gold Metal is awarded 
‘for outstanding metallurgical knowledge 
and great versatility in the application of 
science to the metal industry, as well as 
exceptional ability in the diagnosis and 
solution of diversified metallurgical prob- 
lems.” 

The Gold Metal is to be presented to 
this year’s winner during the National 
Metal Congress and Exposition in Phil- 
adelphia October 25-29. 

Dr. Frary, the fourth metallurgical 
scientist to receive the Gold Medal since 
its inception in 1943, is widely known for 
his specialized studies in both metallurgy 
and chemistry. 


McARTHUR APPOINTED EASTERN 
MANAGER 


Appointment of Walter E. McArthur as 
eastern regional manager for the Nelson 
Stud-Welding Division of Morton-Gregory 
Corp. has been announced by Leonard C. 
Barr, vice-president and general sales 
manager. 

McArthur, who was a welding super- 
visor in the Mare Island Navy Yard along 


with Ted Nelson, inventor of the revoly. 
tionary end welding process, joined the 
Nelson organization in 1943 and has been 
its field engineer in the New York area 
ever since. He is a member of the 
AMERICAN WELDING SOCIETY. 

Robert H. Simon, for the past two 
years Nelson’s field engineer in the St. 
Louis area, becomes field engineer in the 
New York territory. 

Nelson’s regional headquarters are Jo. 
cated at 220 E. 42nd St., New York, N. y. 

The Nelson organization will continue 
to maintain its staff of field engineers 
throughout the East. These include 
Allerton Towne, Boston; Carl P. Sim- 
mons, Philadelphia; Richard O. Blank. 
meyer, Syracuse; and Jack Godley, 
Washington, D. C. 


EUTECTIC APPOINTS ROBERT H. 
GROMAN REGIONAL SALES SUPER. 
VISOR 


R. D. Wasserman, President of the 
Eutectic Welding Alloys Corp., manufac- 
turers and distributors of the low-heat gas 
and arc-welding rods and fluxes, has an- 
nounced the appointment of Robert H. 
Groman to the Board of Regional Sales 
Supervisors. 

Mr. Groman has an outstanding techni- 
caland metal working background, having 
been active in production and as a welding 
instructor in major war production plants 
during World War II. 

Formerly a welding specialist attached 
to the Eutectic Service Dept., Mr. Gro- 
man later became assistant to the general 
sales manager and now assumes full 
sponsibility as Eutectic regional sal 
supervisor in the West Central area of the 
Unted States, responsible for that portio: 
of 160 Eutectic field engineers activi 
that region. 
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LUKENS FLANGED AND DISHED 


A.S.M.E. CODE 
A.P.1.—A.S.M.E. CODE 


LUKENS 


in inches 
T in inches minimum or nominal 

R in inches 

inside LC.R. in inches 
| S. F. 
Quantity 
0.0. Special tolerances, if any 


WHEN IS A HEAD A 


Builders of boilers, tanks and pressure vessels 
identify the various types of heads as Flanged 
and Dished, Elliptical Dished, and so on 
through a long list of names. But thousands 
of Lukens Heads are bought because their 
shape suits them to other uses; hence, our 
term “Head-Shapes”. 

Serving as machine guards and housings, as 
floor fan and table bases, electric motor end 
bells, concrete mixer drums, gear webs and 
other parts of machinery — Lukens Head-Shapes 
are the semifinished product with which such 
builders start. 


HEADS 


Information Required For Ordering 


Trimming or machine work, if any 


(order forms sent on request) 


among the standard head-shapes described in 
Lukens Manual No. 1, “Flanging & Pressing”; 
details on 3,868 different “heads” are given. 
Dimensions can be transferred right to your 
drawings, thereby insuring quicker shipment, 
eliminating die costs and saving you money in 
other ways. Bulletin 433, “Heads in a Hurry”, 
lists the carbon steel heads regularly stocked 
and ready for shipment. 

For copies of these publications and for prices, 
write Lukens Steel Company, 407 Lukens Bldg., 


Coatesville, Pennsylvania. 


Visit us at the Shows! 


Booths 9 and 10 
The National Chemical Exposition 
Chicago Coliseum 
October 12 thru 16 


FOUR INCHES TO OVER TWENTY FEET IN DIAMETER 


Booth 320 
National Metal Exposition 
4 Convention Hall, Philadelphia 
October 25 thru 29 


Designers may find the basic shape they need 


+ + SPEED SCRAP TO THE MILLS TO MAKE MORE STEEL « « 


ADVERTISING 
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THE SHIPBUILDING BUSINESS IN THE 
UNITED STATES OF AMERICA 


The Shipbuilding Business in the United 
States of America. Vol.Iland II. Edited 
by Prof. F. G. Fassett, Jr., Director, 
Office of Publications, Carnegie Institu- 
tion of Washington. Size 8 by 10%/, in. 
Pages, Vol. I, 313; Vol. II, 250. Nu- 
merous illustrations, tables and charts. 
The Society of Naval Architects and 
Marine Engineers, 29 W. 39th St., New 
York 18, N. Y. Price $12.50 per set of 
two volumes, postpaid in the United 
States. Foreign Postage—$1.25 per set. 

Third in its series of basic publications 
having to do with the design, construction 
and operation of ships, the two volumes 
entitled The Shipbuilding Business in 
the United States of America, under the 
editorship of Prof. F. G. Fassett, Jr., of 
the Carnegie Institution of Washington, 
have just been issued by The Society of 
Naval Architects and Marine Engineers. 
The preceding titles in this series, Prin- 
ciples of Naval Architecture, issued in 
1939, and Marine Engineering, which 
appeared in 1942 and 1944, respectively, 
were concerned with theory and practice 
involved in the design and construction 
of vessels. The present publication is 
unique in that it is the first serious effort 
on the part of a major industry in the 
United States to set out in sequence and 
detail the procedures and practices which 
have resulted in the successful functioning 
of the industry as a part of the American 
economic system of free enterprise. The 
thirty authors whose contributions were 
coordinated and unified by the editor 
under the general direction of a control 
committee of Society members are all 
experts drawn from various portions of 
the industry, each selected for his recog- 
nized knowledge of and ability to discuss 
the certain phase allotted him of this 
widely ramified business of building ships. 
As a consequence, the volumes assemble 
authoritative discussions not only of the 
broad historical and economic aspects of a 
basic industry, but also detailed explana- 
tions and analyses of successful operating 


NEW LITERATURE 


procedures, drawn from the experience of 
major shipyards from all the important 
shipbuilding centers of the country. 

The volumes are copiously illustrated 
with diagrams, figures, graphs, tables 
and photographs. These include a com- 
prehensive series of plot plans showing the 
layout of many representative shipyards, 
as well as many specimen illustrations of 
operating charts and tables used in the 
conduct of the business. Thus the illus- 
trative materials valuably supplement the 
discussion in showing both the physical 
background of the problems of shipyard 
management and significant selections 
from among the methods used in solving 
them. The eighteen chapters making up 
the two volumes are carefully cross- 
referenced and interrelated, so that the 
complete work constitutes an integral 
unit. 


STAINLESS PIPING SYSTEMS 


“Taylor Forge Stainless’’ provides a 
new and more economical approach to 
flanged piping, which the manufacturers 
report to have decided advantages. Four- 
page, illustrated Bulletin 483 includes 
drawings, dimensions and prices of new 
type fittings and flanges, available in 
Stainless 304, 347, 316 and other materials. 
Taylor Forge & Pipe Works, P. O. Box 
485, Chicago 90, Ill. 


BIBLIOGRAPHY ON INDUSTRIAL 
RADIOLOGY 


Bibliography on Industrial Radiology 
1945-1948. By Herbert R. Isenburger. 
This will bring your Bibliography up to 
date. The first part, up to 1942, appeared 
in a book, Industrial Radiology, published 
by John Wiley & Sons, New York, 1943, 
and the First Supplement, 1942-1945, was 
published by us in 1945. 

The price for the Second Supplement, 
1945-1948, is $2.00. St. John X-ray 
Laboratory, Califon, N. J. 


LA PRATIQUE DE LA SOUDURE AUTo. 
GENE (WELDING PRACTICE) (FOuRr; 
EDITION) 


By C. F. Keel 


Published by the Swiss Acetylene So¢; 
ety of Basel, St. Albanvorstadt 95, Bas 
Switzerland, this manual has been yer 
popular and the three preceding editioy 
were sold out rapidly. The fourth edition 
which has just come off the press, has bee» 
reviewed and enlarged, and constitute: 
an extremely complete theoretical anq 
practical treatise on all fields of gas weig 
ing and the numerous applications of th, 
oxyacetylene flame. The new editioy 
takes into account all recent development: 
during and after the war, particularly jy 
the United States. The following sub. 
jects are covered: construction of appara. 
tus and its manipulation, weldability of 
steels and nonferrous metals, gas cutting 
brazing, surface hardening, hard facing, 
etc. The operator as well as the engineer 
and technician will find a great deal of use- 
ful information in this book. It is fully 
illustrated and contains graphs, tables and 
formulas for designing welds and calcu. 
lating costs. 


METAL SPRAYING AND SPRAYED 
METAL 


Metal Spraying and Sprayed Metal, 
by W. E. Ballard. Charles Griffin & 
Co., Ltd., London, Eng. Distributed in 
the U. S. by American Metallizing Con 
tractors Assoc., 773 Brownell Ave., St 
Louis 22, Mo. Third Edition completely 
rewritten. 6 x 9 in., cloth bound, 362 
pages, 216 illustrations, 61 tables 
charts. Price, $10, postage paid in U.S 

The author of this book has pioneered 
the metallizing process and equipment in 
England and Europe, and he has dealt 
very competently with all phases of metal 
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Attractive 


Salesman" 
counter cards 
for dealers. 


M. RAGLE INDUSTRIES 


of *“Commendo” Alley) 


4025 Indiana Ave. 


(Approximately actual! size) 


MOST PRACTICAL TIP CLEANING 
“Silent TOOL MADE .. . INEXPENSIVE, TOO! 


Carbon steel drills properly clean cutting 
and welding tips and true up damaged 
holes. Tempered steel double end chuck 
holds drill sizes 45 to 80. Handle holds up to 
24 different size drills. Complete with pock- 
et clip and 12 assorted drills, even number 
sizes 52 to 74, inclusive, only $3.50. 


Kansas City 4, Mo. 779 South 13th St. 


TRANSFORMERS 

For Furnaces, Lighting, Distribution. Power.Auto 

Phase Changing Welding, end Special Jobs. 
AIR OJL, and WATER COOLED. 


EISLER ENGINEERING CO., INC. 
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lizing as well as all commercially used 

types of equipment, both in theory and tha 
practice. 

Completely cross-referenced, the book is ing 
of value to both operating and engineering 
personnel as a textbook and reference, ] 
and it also identifies all authors of pub ‘ 
lished technical papers and articles on the pre 
subject of metallizing. the 
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OF ALL. TYPES 
SIZES 1/4 TO 300 KVA. 


WELDERS 
FOR MANUAL, AIR, MOTOR, 


= OR ELECTRONIC OPERATION. 
ionrd also BUTT, ARC, and 
GUN WELDERS 


Sizes 1/4 to 300 KVA. 
CHARLES EISLER 


(Near Avon Ave.) NEWARK 3, N. J., U.S.A. 
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19 Reasons Why You, Too, Will Prefer the New Sureweld A-C Welder 


It would take a book to describe adequately NCG’s new, 
different, better Sureweld A-C ARC WELDER. Let it be said 
that it is new enough and different enough to merit your find- 


ing out all about it immediately. 


Backed by NCG’s reputation for technical leadership and 
products that do things in new, faster, more economical ways, 
the new Sureweld A-C Welder is destined for a preferred place 


in American industry, large and small. There are seven Indus- 


trial Models for high-speed, heavy duty fabrication. There are 


A-C ARC WELDER 


4, 


The “heart” of any welder is the 
transformer. On the new, better 
Sureweld A-C welder this is the 
Powermaster—an exclusive, pat- 
ented 4-coil transformer with a mov- 
able magnetic shunt . . . to assure 
fine welding characteristics at all 
amperages . . . to permit practical 
low-current welding . . . to give the 
exact welding heat required .. . to 

ive the “push” that means faster 

urn-off, proper penetration and 
correct breakdown of usually hard- 
to-handle alloy rods. 


five new Shop Models—for garages, repair shops, farms, 
machine shops, mills, factory and general repair use, for weld- 


ing shops and light production work. 


In short, there’s a model for every need, and there are 
19 definite reasons why you, too, will prefer a new Sureweld 
A-C Arc Welder to any other welder you've ever seen. These 
19 reasons, along with complete technical data, are contained 
in a free illustrated booklet, “NEW ERA IN WELDING”’— 
which is yours for the asking. Better write for it today! 


Write for this FREE booklet today! Clip the coupe 


National Cylinder Gas Company 
840 N. Michigan Avenue 
Chicago 11, Illinois 


with the Powermaster. 


Copr. 1948, National Cylinder Gas Co. 


Please send me free booklet, “NEW ERA IN WELDING", desc 
ing NCG's new, better, different Sureweld A-C Arc Welder 
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NATIONAL CYLINDER GAS COMPANY 
JS.A. Executive Offices: 
840 North A ‘11, Minois 
Pioneers in Electric Welding since 1920. 
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THE SHIPBUILDING BUSINESS IN THE 
UNITED STATES OF AMERICA 


The Shipbuilding Business in the United 
States of America. Vol.Iland II. Edited 
by Prof. F. G. Fassett, Jr., Director, 
Office of Publications, Carnegie Institu- 
tion of Washington. Size 8 by 10%/, in. 
Pages, Vol. I, 313; Vol. II, 250. Nu- 
merous illustrations, tables and charts. 
The Society of Naval Architects and 
Marine Engineers, 29 W. 39th St., New 
York 18, N. Y. Price $12.50 per set of 
two volumes, postpaid in the United 
States. Foreign Postage—$1.25 per set. 

Third in its series of basic publications 
having to do with the design, construction 
and operation of ships, the two volumes 
entitled The Shipbuilding Business in 
the United States of America, under the 
editorship of Prof. F. G. Fassett, Jr., of 
the Carnegie Institution of Washington, 
have just been issued by The Society of 
Naval Architects and Marine Engineers. 
The preceding titles in this series, Prin- 
ciples of Naval Architecture, issued in 
1939, and Marine Engineering, which 
appeared in 1942 and 1944, respectively, 
were concerned with theory and practice 
involved in the design and construction 
of vessels. The present publication is 
unique in that it is the first serious effort 
on the part of a major industry in the 
United States to set out in sequence and 
detail the procedures and practices which 
have resulted in the successful functioning 
of the industry as a part of the American 
economic system of free enterprise. The 
thirty authors whose contributions were 
coordinated and unified by the editor 
under the general direction of a control 
committee of Society members are all 
experts drawn from various portions of 
the industry, each selected for his recog- 
nized knowledge of and ability to discuss 
the certain phase allotted him of this 
widely ramified business of building ships. 
As a consequence, the volumes assemble 
authoritative discussions not only of the 
broad historical and economic aspects of a 
basic industry, but also detailed explana- 
tions and analyses of successful operating 


TERATURE 


procedures, drawn from the experience of 
major shipyards from all the important 
shipbuilding centers of the country. 

The volumes are copiously illustrated 
with diagrams, figures, graphs, tables 
and photographs. These include a com- 
prehensive series of plot plans showing the 
layout of many representative shipyards, 
as well as many specimen illustrations of 
operating charts and tables used in the 
conduct of the business. Thus the illus- 
trative materials valuably supplement the 
discussion in showing both the physical 
background of the problems of shipyard 
management and significant selections 
from among the methods used in solving 
them. The eighteen chapters making up 
the two volumes are carefully cross- 
referenced and interrelated, so that the 
complete work constitutes an integral 
unit. 


STAINLESS PIPING SYSTEMS 


“Taylor Forge Stainless’’ provides a 
new and more economical approach to 
flanged piping, which the manufacturers 
report to have decided advantages. Four- 
page, illustrated Bulletin 483 includes 
drawings, dimensions and prices of new 
type fittings and flanges, available in 
Stainless 304, 347, 316 and other materials. 
Taylor Forge & Pipe Works, P. O. Box 
485, Chicago 90, Ill. 


BIBLIOGRAPHY ON INDUSTRIAL 
RADIOLOGY 


Bibliography on Industrial Radiology 
1945-1948. By Herbert R. Isenburger. 
This will bring your Bibliography up to 
date. The first part, up to 1942, appeared 
in a book, Industrial Radiology, published 
by John Wiley & Sons, New York, 1943, 
and the First Supplement, 1942-1945, was 
published by us in 1945. 

The price for the Second Supplement, 
1945-1948, is $2.00. St. John X-ray 
Laboratory, Califon, N. J. 


LA PRATIQUE DE LA SOUDURE Auto. 
GENE (WELDING PRACTICE) (Fourr: 
EDITION) 


By C. F. Keel 


Published by the Swiss Acetylene Soc; 
ety of Basel, St. Albanvorstadt 95. } 
Switzerland, this manual has been very 
popular and the three preceding edition: 
were sold out rapidly. The fourth edition 
which has just come off the press, has been 
reviewed and enlarged, and constitutes 
an extremely complete theoretical anq 
practical treatise on all fields of gas weld. 
ing and the numerous applications of the 
oxyacetylene flame. The new edition 
takes into account all recent developments 
during and after the war, particularly jn 
the United States. The following syb. 
jects are covered: construction of appara- 
tus and its manipulation, weldability of 
steels and nonferrous metals, gas cutting, 
brazing, surface hardening, hard facing, 
etc. The operator as well as the engineer 
and technician will find a great deal of use. 
ful information in this book. It is fully 
illustrated and contains graphs, tables and 
formulas for designing welds and calcu- 
lating costs. 
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METAL SPRAYING AND SPRAYED 
METAL 


Metal Spraying and Sprayed Metal, 
by W. E. Ballard. Charles Griffin & 
Co., Ltd., London, Eng. Distributed in 
the U. S. by American Metallizing Con- 
tractors Assoc., 773 Brownell Ave., St 
Louis 22, Mo. Third Edition completely 
rewritten. 6 x 9 in., cloth bound, 362 
pages, 216 illustrations, 61 tables and 
charts. Price, $10, postage paid in U.S 

The author of this book has pioneered 
the metallizing process and equipment in 


TIP DRILL KIT 


LS 


Attractive 
"Silent 
Salesman" 
counter cards 
for dealers. 


J. M. RAGLE INDUS 


(Mokers of “Commando” 


4025 Indiana Ave. 


(Approximately actual size) 


MOST PRACTICAL TIP CLEANING 


TOOL MADE .. . INEXPENSIVE, TOO! 


Carbon steel drills properly clean cutting 
and welding tips and true up damaged 
holes. Tempered steel double end chuck 
holds drill sizes 45 to 80. Handle holds up to 
24 different size drills. Complete with pock- 
et clip and 12 assorted drills, even number 
sizes 52 to 74, inclusive, only $3.50. 


TRIES 


SPOT WELDERS 


TRANSFORMERS 

For Furnaces, Lighting, Distribution. Power,Auto 

Phase Changing Welding, and Special Jobs. 
AIR OJL, and WATER COOLED. 


England and Europe, and he has dealt It 
very competently with all phases of metal dif 
lizing as well as all commercially used | 
types of equipment, both in theory and the 
practice. 
Completely cross-referenced, the book is Ing 
of value to both operating and engineering 
personnel as a textbook and reference, 
and it also identifies all authors of pul! 
lished technical papers and articles on the pr 
subject of metallizing. th 
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OF ALL TYPES 
SIZES 1/4 TO 300 KVA. 
FOR MANUAL, AIR, MOTOR, 


OR ELECTRONIC OPERATION. 


aiso BUTT, ARC, and 
GUN WELDERS 


BTRANSFORMERS 200-KV. 
, 


IMMERS 


Sizes 1/4 to 300 KVA. 


Kansas City 4, Mo. 
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CHARLES EISLER 
EISLER ENGINEERING CO., INC. 


779 South 13th St. (Nese Avon Ave.) NEWARK 3, N. J., USA. 
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cw | 19 Reasons Why You, Too, Will Prefer the New Sureweld A-C Welder 


- dealt It would take a book to describe adequately NCG’s new, five new Shop Models—for garages, repair shops, farms, 
, different, better Sureweld A-C ARC WELDER. Let it be said machine shops, mills, factory and general repair use, for weld- 
y and that it is new enough and different enough to merit your find- —_ing shops and light production work. 


00k is ing out all about it immediately. 
In short, there’s a model for every need, and there are 


rene Backed by NCG’s reputation for technical leadership and _—19 definite reasons why you, too, will prefer a new Sureweld 
ao tie products that do things in new, faster, more economical ways, | A-C Arc Welder to any other welder you've ever seen. These 
the new Sureweld A-C Welder is destined for a preferred place 19 reasons, along with complete technical data, are contained 
in American industry, large and small. There are seven Indus- in a free illustrated booklet, “NEW ERA IN WELDING”— 
trial Models for high-speed, heavy duty fabrication. There are which is yours for the asking. Better write for it today! | 
oy | Write for this FREE booklet today! Clip the cm 


National Cylinder Gas Company 
840 N. Michigan Avenue 
Chicago 11, Illinois 


Please send me free booklet, “NEW ERA IN WELDING", ‘nee! 
ing NCG's new, better, different Sureweld A-C Arc Welder 
with the Powermaster. 


NATIONAL CYLINDER GAS COMPANY 


Executive Offices: 
North Michigan Avenue + Chicago 11, Illinois 


Pioneers in Electric Welding since 1920. 


S.A. 


. 1948, National Cylinder Gas Co. 
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Chapters 9 and 10, dealing respectively 
with “The Nature of Sprayed Metal” 
and ‘‘The Properties of Sprayed Metal,”’ 
contain a wealth of what appears to be 
well-authenticated data which has hereto- 
fore been either unobtainable or else 
difficult of access. The entire contents 
indexed for instant reference to several 
hundred subjects. 

Much authenticated data on the use of 
metallizing for resistance to many forms 
of corrosion are ably presented. Because 
this phase of metallizing has been de- 
veloped to the point of ready acceptance 
by design and construction engineers in 
Great Britain and several European coun- 
tries, the facts on results after many years 
in service should be of great interest to 
those concerned with the adequate pro- 
tection of structural steel. 


ARC-WELDING ELECTRODE CATALOG 


A new, 40-page, electrode catalog has 
been announced by the Wilson Welder and 
Metals Co., Inc. 

The new catalog contains 50 photo- 
graphs and diagrams, an electrode selector 
chart and complete details on all the elec- 
trodes in the extensive Wilson line. 

Typical data supplied are general de- 
scription, application, welding procedure, 
mechanical properties and specifications. 

For your free copy of this extensive 
new, arc-welding electrode catalog, ad- 
dress: Wilson Welder & Metals Co., Inc., 
60 East 42nd St., New York 17, N. Y. 


NEW WELDED ERECTION SYSTEM 
MANUAL AVAILABLE 


A completely new, profusely illustrated 


58-page manual containing complete ep. 
gineering data on the Saxe System of 
Welded Connection Units for the erection 
of welded steel structures, written by Van 
Rensselaer P. Saxe, is now being offered 
by J. H. Williams & Co., Buffalo, N. y. 

The simple hook and eye principle of the 
Saxe System not only securely locks the 
steel members in position but its sej. 
aligning action eliminates many hours of 
costly plumbing up necessary when the 
riveting method is employed. Simplicity 
and speed along with savings ranging 
from $3.00 to $5.00 a ton are effected by 
the Saxe method. The manufacture; 
points out that the Saxe System has 
proved safe and dependable through wide 
use in scores of buildings of various types 
over a 15-year period. 

Write to J. H. Williams & Co., 400 Vu. 
can St., Buffalo 7, N. Y., for your Manug! 
of Recommended Practice. 


ABSTRACTS CURRENT WELDING 


PATENTS 


Prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10, D.C. 


2,445,801—MernHop or ELEctrICc REsISsT- 
ANCE WELDING A LAMINATED SHEET 
MeEtTAL StrRucTURE—Maurice Partiot, 
Norton, Conn., assignor to the Nitralloy 
Corp., a corporation of Delaware. 


This welding method relates to the step 
of welding two sheets together at spaced 
points and a third sheet is applied to the 
first two sheets and is welded thereto at 
points out of alignment with the welds of 
the first two sheets. Special electrodes 
are used and are pressed against the 
sheets. 


2,445 863—MACHINE FOR WELDING WITH 
Continuous ELEcTRODES—Robert Sar- 
azin, Neuilly sur Seine, France. 


The machine covered in this patent is a 
special one wherein a reel for a coiled 
electrode wire is provided and the wire 
passes through a nozzle to a point ad- 
jacent the welding zone. The reel is 
mounted on a balanced pivotally posi- 
tioned arm. 


2,445,951—MeETHOopD OF PRODUCING 
WELDED Jornts—Theodore E. Kihl- 
gren, Scotch Plains, and Charles E. 
Lacy, Westfield, N. J., assignors to 
The International Nickel Co., Inc., 
a corporation of Delaware. 


The welding method of this patent 
comprises, generally speaking, the use of a 
welding element including up to 8% 
columbium for welding members made 
from about 30 to 80% nickel, about 10 


to 20% chromium, and the balance mainly 
iron. 


2,446,598—AvutTomatic Arc WELDING Ap- 
PARATUS—Henry O. Klinke, Forest 
Hills, N. Y., assigner to Air Reduction 
Co., Inc., a corporation of New York. 
Klinke’s apparatus includes an electrode 
that is fed toward the work and with the 
welding arc forming a pool of molten metal 
around the arc. A shielding tube sur- 
rounds the electrode and its end is main- 
tained below the surface of the pool. 


2,446,648—ELEcTRICAL RESISTANCE WEL- 
DER WITH INDEXING FINGER CONTROL— 
Russell Millard Glantzer, Washington, 
Pa. 


This patent covers an indexing and 
control device for a welding machine and 
it includes a member mounted for move- 
ment back and forth in a fixed path, and 
a movable finger carried by the member. 
The finger is normally moved to a position 
for engagement with a work piece while 
special means withdraw the finger in 
timed relation to movement of the work 
piece. The member is urged toward its 
retracted position but movement of the 
work piece moves the member forwardly 
and energizes an electrode. 


2,446,932—WeLpInNc ApparaTusS—Fred 
H. Johnson, Pleasant Ridge, Mich. 


Johnson’s apparatus includes an elec- 
trode having a body with a work engaging 


face. The body has separate inflow and 
outflow passages for a coolant formed 
therein and being in communication with 
each other in the region of the work en- 
gaging face. 


2,447,085—WeLpEp JomntT—William H. 
Odlum, Wilmette, IIL. assigner to 
Duro Metal Products Co., Chicago, 
Ill., a corporation of Illinois. 


This patent discloses a method of end- 
wise joining two solid bar members of 
different diameters. The larger bar is 
hollow milled at the end to form a 
protuberance thereon and a surrounding 
wall spaced from the protuberance and 
extending out therefrom to define a channel 
larger than the smaller bar. The smaller 
bar is forced against the protuberance 
while welding current is passed there- 
between and the weld flash deposits in 
the channel. The wall is folded in over 
the weld flash. 


2,447,307—E.ectropE Hotper— William 

Frank Baker and Ian Jack Pickering 

Birmingham, England, assignors [0 

The General Electric Co., Ltd., London, 

England. 

The electrode holder of patent 
includes normally closed electrode grip- 
ping means, normally open switch con- 
tacts controlling a circuit for the electrode 
gripping means, and a body member 
which such means are received. An ¢x 
ternal member is provided for controlling 
both of said means. 
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Reliable information on every phase 
of metal production, treatment and 
fibrication is yours for the asking at 
the Metal Show and Metal Congress. 
At these two events will be gathered 
the greatest demonstration of manu- 
ficturing know-how in the world! 


Ifyou have a specific problem—or if 
you just want to’ keep abreast of the 
most recent developments in the metal 
feld, a trip to the Metal Show is the 
fistest, most effective way to get the 
facts, 


Plan to visit Philadelphia for at least 
one day. Bring your key men with 


you—you'll learn in hours what would 
take months otherwise. 


Over 350 exhibits to visit...an out- 
standing series of technical sessions 
devoted to design, heat treatment and 
engineering qualities of both ferrous 
and nonferrous metals...and a spec- 
tacular visualization of 75 years of 
Progress in Alloy Steel make this 
year’s annual Exposition a must for 
men in the metalworking industries. 


You'll get the answers at the Metal 
Show! It’s all there waiting for you! 
Time is short—make plans to attend 
—TODAY! 


| MILADELPHIA 
OCTOBER 25-29, 1948 


VISIT THE 30th ANNUAL 
METAL CONGRESS 
AND EXPOSITION 

Sponsored by the American So- 
ciety for Metals in cooperation 
with the American Welding So- 
ciety, the Institute of Metals 
Division of the American Insti- 
tute of Mining and Metallurgical 
Engineers, and the Society for 
Non-Destructive Testing. 


> 


GOOD HOTEL ACCOMMODATIONS STILL 
AVAILABLE — IF YOU ACT NOW! 


Write or Wire: 
CHARLES L. TODD, Mgr. 
Housing Bureau, 
Architects Bidg., 
17th and Sansom Streets, 
Philadelphia 3, Pa. 


Come-aud Oring Gour'Key Meu! 
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NEW PRODUCTS 


The Society assumes no responsibility 


THREE-WAY ARC WELDER 


A versatile three-way arc welder has 
been granted a patent (No. 2,447,955) to 
W. F. Sully and Raymond A. Millholland 
of 5157 Winthrop Ave., Indianapolis, Ind. 

It is a modified transformer type welder 
which can be used either for arc welding 
in the conventional manner or as the 
source of power for twin refractory elec- 
trodes when filler wire is fed automatically. 

A feature of the patent is the three-way 
arc generated alternately between the 
twin electrodes and interconnecting with 
the work which forms the third current 
path. 

Approximately one-third of the total 
current passes through the work and has a 
preheating function for welding high heat- 
conducting metals when filler wire is 
added. 

A power factor, at rated load, of 0.88 can 
be obtained without capacitors—either 
for single- or for multiple-arc operation. 

The inventors plan to license their in- 
vention to some already established manu- 
facturer. 


FOUR NEW ARC-WELDING ELECTRODES 


Four new electrodes, developed for use 
in a wide range of arc-welding operations, 
have been announced by General Electric's 
welding equipment divisions. They are 
designated as Types W-60, W-61, W-62 
and W-95. 

The Type W-60, designed to meet the 
need for an electrode with a low-hydrogen 
coating, manganese-moly analysis, and 
good usability characteristics, is suitable 
for welding most hardenable steels where 
the hazards of underbead cracking are to 
be eliminated. The range of weldable ma- 
terials includes low-alloy, high-sulphur, 
high-carbon, high-manganese and similar 
high-hardenable and high-tensile steels. 

The Type W-61, a low-hydrogen elec- 
trode of a moly-vanadium composition, 
can be used with either a. c. or reverse 

epolarity d. c. to weld a wide variety of iow- 
alloy steels. It is especially suited for 
welding low-alloy pipe, including carbon 
moly and chrome-stabilized carbon moly 
and new varieties of pipe considered “high 
tensile.’’ 

A low-hydrogen, titania-coated elec- 
trode of 2'/:% nickel composition, the 
Type W-62 can be used on steel castings of 
a Similar analysis and for producing weld 
deposits having high impact properties at 
subzero temperatures. Its low-hydrogen 
coating prevents the formation of under- 
bead cracks which frequently occur when 
welding hardenable steels with conven- 
tional electrodes. 

Designed to deposit extremely hard 


for the validity of claims in this section 


wear-resisting welding metal in all posi- 
tions, using a. c. or d. c., the Type W-95 
is suitable for surfacing dipper teeth, drag- 
line bucket lifts, tractor cheats, roller- 
crusher teeth, mud pumps, impeller-crane 
hooks, sand pumps and sizing screens. 


ARC-WELDING ELECTRODE 

A new low-hydrogen-type coated elec- 

trode designed to prevent underbead 

cracking in weld deposits has been an- 

nounced by the Air Reduction Sales Co. 

sThe new electrode will be known as Airco 
No. 394. 


According to the manufacturer, this new 
electrode is one of the few of its type on the 
market today which operates on either a. 
c. or d. c. and is designed to give welds of 
100,000 psi. 

It is anticipated that the electrode will 
find a wide market in the fabrication of 
hardenable steels which are susceptible to 
underbead cracking when conventional 
types of electrodes are used without pre- 
heat. Extensive field tests have disclosed 
that the Airco No. 394 will do a completely 
satisfactory job on this type of material. 

Air Reduction further disclosed that the 
Airco 394 will act as the high-tensile com- 
panion electrode to Airco No. 312 which is 
used on mild steel to produce a tensile 
strength in excess of 60,000 psi. 

The new electrode is immediately avail- 
able and may be obtained from the Airco 
sales office or authorized dealer nearest 
you, 


SMALL SIZE ROD 


The need for a suitable welding rod for 
tight steel joints has been fulfilled with 
the production of a smaller diameter size 
rod for steel torch welding. Eutectic 
Welding Alloys Corp., 40 Worth St., New 
York 13, N. Y., has produced its Eutecrod 
16 in size '/32 in. (0.0312 in.) for such tight 
steel joints. 

This patented alloy in size '/3 in., to 
low-heat weld All Steels, is designed for use 
with Eutector Flux 16. It may be used in 
ring form, preplaced and heated, either by 
torch or induction heating. 

Eutecrod 16 will find tremendous appli- 
cations in aircraft plants, and by instru- 
ment manufacturers, tool and die shops, 
sheet metal industries, tipping small tools, 
where the larger diameter welding rods 


have been found unsatisfactory for tight 
fits. 


Write for additional information to this 
company. 


Application of large quantities of studs 
to petroleum processing units js speedily 
accomplished at General America) Trans. 
portation Corp. by means of th: Nelson 
stud-welding process. Up to four Studs 


per minute are permanently affixed in an 
automatically controlled welding cycle 
initiated by the pull of the stud-welding 
gun’s trigger. 


BUILDING UP WORN PARTS 


If you have hard-to-replace worn ma- 
chine pasts, in cast iron or any kind of 
steel—no matter how hard the part is 
working—you can now save it at little ex- 
pense and without any special equipment 
or skill. The new Eutechrom, superhard, 
low-heat welding rod is specifically de- 
signed as a universal rod to overlay worn 
or defective parts on machinery and equip- 
ment. 

In just a few minutes, it is possible to 
repair a breakdown due to a part which is 
worn out through friction, shock, pound- 
ing pressure, sand, stone, corrosion or 
through cutting. Thousands of parts 
which are replaceable only at great ex 
pense, can now be salvaged by your own 
personnel, without the loss of time waiting 
for replacements. 

The new process consists of using the 
new Eutechrom 2, an electrode coated with 
a special Frigidare coating which permits 
the use of the lowest possible current, thus 
cutting down the amount of heat required 
and minimizing the risks of distortion, 
warping and cracking. 

Overlaying, with the grades of welding 
rods available in the past, has remained 4 
very specialized procedure—used by very 
few shops. The new Eutechrom 2 will 
popularize this very important welding 
process, since it is far simpler and easier to 
use. It can be utilized on almost any worn 
part, it is harder and tougher and gives the 
extreme hardness of Rockwell C62 65! 
Brinell). 

Eutechrom 2 (a. c.-d. c.), available 
sizes '/,, and '/, in., is the solution to 
problems of high hardness, abrasive resist- 
ant overlays for all steel, cast iron and 
malleable iron in quarries, mines, cement 
factories, oil well drilling, state highways 
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Progressive’s new standard roller head seam 
ible t ° 
hist welders are more than new machines. They 
vound- are a step ahead in the art of seam welding. 
ion OF 
parts The exclusive roller head provides a speed 
rived of follow-up for the wheels not possible with 
aiting other constructions. Changing thicknesses of 
' metal do not worry these machines. They fol- 
ig the y 
d with low the contour, keep pressures constant, and 
ermits 
- thus insure the same quality of weld throughout, 
— even at much higher welding speeds. 
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Circular, longitudinal, and ‘universal’. 
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ae Light, medium and heavy duty. 
pe For complete details, including the 
ding unique exclusive frame construction that 
ier to gives real rigidity with MORE accessi- 
hen bility, ask for Bulletin No. 804. 
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railroads and other methods of transporta- 
tion and shops concerned with machine 
wear problems. 

A free sample package of low-heat Eute- 
chrom 2 is available for 30 days from date 
of this publication, in six rods of the 1/5 
in. size. 

To obtain your free sample, and litera- 
ture if desired, write on your company 
letterhead, stating your position, to the 
Eutectic Welding Alloys Corp., 40 Worth 
St., New York 13, N. Y. 


POSITIONERS 


The Wilton Tool Mfg. Co. of Chicago is 
now producing two improved models, one 
mechanically operated for light work, and 
the other hydraulically operated for heavy 
duty work. Both Powrarms position work 
at any desired angle on a 360° horizontal 
or axial plane, or on a 180° vertical plane, 
and hold the work firm under great pres- 
sures. The tools combine the ball-and- 
socket joint principle with a simple, posi- 
tive locking device that requires only 


slight pressure on a lever or hydraulic sys- 
tem to lock the work in any desired posi- 
tion. Work up to 150 lb. in weight can be 
held at any angle. Both powrarm models 
are easily bolted to a work bench, or a 
special clamp is also available to attach 
Powrarm to any convenient location in 
field or shop. 


PROJECTION WELDING MACHINE 


The Acme Electric Welder Co., 2618 
Fruitland Road, Los Angeles, announces a 
new projection welder designed for speedy 
economical operation on light jobs. 
Designated as Type PT-O, the welder 
is an air-operated, press-type, direct- 
action projection welding machine, sup- 
plied in either 20, 30 or 40 kva. Also 
horn adapters and horns to convert for 
conventional spot welder use are available. 

Acme’s Type PT-O was developed 
especially for manufacturers having light 
welding jobs, where speed is desirable. 
Machine capacity need not now be 
wasted by using resistance welding equip- 
ment intended to handle heavier work. 

A solenoid operated air valve with 
either a single-stage or a two-stage foot 
switch is furnished on the PT-O. Stand- 
ard throat length is 6 in.; when con- 
verted to a spot welder, the machine’s 
throat length is increased an additional 


6 in. The small compact size of the 
PT-O permits full power capacity to be 
utilized, making it an ideal welder for 
so-called light work. A manufacturer or 
éontract jobber can now have a high- 
grade combination projection and spot 
welder that fits his particular require- 
ments. 

Illustration shows the PT-O as a pro- 
jection welder with a two-stage toe- 
operated foot switch. The operator is 
welding a stud in a stainless steel frying 
pan cover to which the cover handle is 
attached. 


HIGH-FREQUENCY STABILIZER 


A new product of The Hobart Brothers 
Co., Troy, Ohio, is a high-frequency sta- 
bilizer, designed for use with ordinary a.-c. 
or d.-c. welders in inert-gas-shielded tung- 
sten electrode welding; in sheet metal 
work and other applications involving low 
currents; in vertical and overhead weld- 
ing; and with the twin carbon arc torch. 
Especially developed to adapt ordinary a.- 
c. transformer welders for “‘heliarc’’ weld- 
ing, this unit increases the impulses from 
120 to 4,000,000 per sec. An intensity 
control is provided so that the intensity of 
the high frequency can be adjusted to suit 
the particular job at hand. It is available 
in two sizes with maximum capacities of 
300 to 500 amp., respectively. 
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NON-SYNCHRONOUS CONTROL 
COMBINATION 


New built-in features have been ineo, 
porated in the latest model Weltronic nop 
synchronous control combination for foot. 
operated spot, projection and butt welders 

The timer panel is of theusual Weltroni 
“plug-in, swing-out’’ construction which 
the company points out, permits inter 
changing 3B and 5B Timers in less thay 
one minute for conversion. Op: ning of 
front panel provides easy access to resist 
ors, condenser, transformer and Wiring 
Each “‘time period” is independently aq 
justable. Power supply unit is universa) 
for all timers and operates on 208, 230 
380, 460 or 575 v. power source. 


The ignitron tube contactor accommo- 
dates two A, B or C tubes, includes inter 
nal water lines and connections, buss sup 
ports, thermal flow switch, fuses for igni- 
tron protection and a surge suppressor for 
connecting across the primary of the weld- 
ing transformer. Over-all height is from 
48 to 60 in. for the five models offered 
Complete details may be obtained by 
writing Weltronic Co., 19518 W. Fight 
Mile Road, Detroit 19, Mich. 


MEASURING ECCENTRICITY OF CORE 
WIRE 


The E. M. F. Electric Co. Pty. Ltd. 99! 
Rathdown St., N. Carlton, N. 4, Victoria, 
Australia, has recently developed an clec- 
tronic instrument for measuring the ecce" 
tricity of the core wire of all types of cov 
ered arc-welding electrodes, whether the 
core be of a ferrous or nonferrous materia! 

The instrument has the important ad- 
vantage that readings are obtained dir« ctly 
on a dial indicator and their accuracy 55 
not affected by the aging of the valves or 
slow changes in the electrical components. 

A small length of the electrode is in'ro- 
duced into the high-frequency magnetic 
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Together for good 


HE advantages of welded piping are 

pretty obvious when you look at this 
section, conveniently put together with 
Tube-Turn welding fittings in the fabri- 
cating shop of McArdle & Cooney, Inc., 
Philadelphia. 

In addition to fabricating and instal- 
lation speed and ease, a permanent piping 
structure is assured by the use of Tube- 
Turn welding fittings. The leakproof 
welded connections are strong as pipe it- 
self. There is none of the reduction in 
effective wall thickness that goes with 
threaded connections. No flow-obstruct- 
re shoulders. No excessive weight and 

ulk. 

Tube-Turn welding fittings carry the 
No. 1 trade name in the field. They are 
dependable for strength, dimensional ac- 
curacy, and adherence to standards. They 


1943 


come in a wide range of types and sizes, 
metals and alloys. Your nearby Tube 
Turns distributor carries a large stock. 
For good service in good connections, 
specify ““Tube-Turn.” 


TUBE TURNS, INC. 
222 E. Broadway, Dept. B, Louisville 1, Ky. 


District Offices at New York, Philadelphia, Pittsburgh, 
Detroit, Chicago, Houston, Tulsa, San Francisco, Los Angeles 


Write for the new and ~| 
vised Tube Turns’ chort of 
‘Pipe and Fitting Mate- 
Covers ASTM and 
other specifications, chemis- 
try, service temperature lim- 
its, welding dota. 
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field of a coil forming part of an oscilla- 
tory circuit. A milliammeter is arranging 
to indicate the constants of the oscillatory 
circuit, the electrode under test is rotated 
in a pair of vee-blocks and any variation 
in the thickness of the flux coating results 
in a movement of the core relative to the 
coil, which changes the constants of the os- 
cillatory circuit. The coil can be moved in 
order to restore the original constants of 
the oscillatory circuit, the amount of such 
movement providing a direct indication of 
the change in the thickness of the coating. 


RESISTANCE WELDING MACHINE 


A completely new and radically differ- 
ent low-priced resistance welding machine 
called the Fusionette is announced by the 
Primeweld Corp., 2842 W. Grand Blvd., 
Detroit 2. 

The compact Fusionette is a general- 
purpose spot welder with low impedance 
and high power factor. Unusual design 
features permit the time lag between clos- 
ing of the contactor and build up of full 
secondary current to be reduced to a mini- 
mum. These and other Fusionette design 
features produce welds with a minimum 
or no surface discoloration, multiple layer 
and shunt welds. Welds stock from 0.004 
to 0.100 in., aluminum up to 0.040 in. with- 


out special preparation and stainless steel 
with a minimum surface disturbance. 

Mechanical features of this compact 
spot welder iftclude: quick disconnects on 
air, water and electric wiring lines for 
moving to any part of the plant; the Ped- 
estal Control Unit and Panel are mounted 
on a roller carriage which can be with- 
drawn from the adjustable 4 in. to very 
throat height. Maximum Fusionette 
floor space is 19 in. wide by 39 in. deep. 

Designed for use on 110-220 vy. a. c., 60 
cycle, the Fusionette is manufactured un- 
der rigid controls with materials and work- 
manship fully guaranteed. 


INERT-GAS-WELDING ATTACHMENT 


A new product of the Hobart Brothers 
Co., Troy, Ohio, is a high-frequency sta- 
bilizer with added convenience control 
features to greatly simplify inert-gas 
welding. This unit is designed for use 
with any standard a.-¢. transformer type 
welder of 500 amp. or less and provides in 
addition to high-frequency stabilization, 
the following control features: 

A magnetic contactor which turns weld- 
ing current and high frequency on and off, 
and operates the magnetic valves for turn- 
ing water and gas on and off. 


A time relay which controls the magnetic 
valves, so that the flow of gas and water 
continues for a predetermined time (ad- 
justable up to 180 sec.) after the arc has 
been extinguished. This protects the 
weld metal from oxidation until it has 
had time to solidify. 

A foot switch which plugs in the front 
of the cabinet is standard equipment. In 
addition to the foot switch, a tumbler 
switch on front of the cabinet makes it 
possible to cut the entire unit out of cir- 
cuit and operate the welder alone, as a 
standard a.-c. transformer, without high 
frequency, water or gas. 

Welding and ground cable terminals and 
gas and water connections, are located on 
the sides of the cabinet. The same weld- 
ing terminals are used whether or not the 
inert-gas-welding attachment is in use. 

All of the above features are compactly 
arranged in a steel case 21 in. high, 19 in. 
wide and 18'/,in. deep. Net weight is 125 
lb. and the unit is mounted on easy rolling 
casters. 
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TIMING CONTROL FOR Spor 
WELDER 


The Miller Electric Mfg. Co. of Appk 
ton, Wis., has announced a new timer on 
trol for use with their model MSW Poy 
able Spot Welder. 

This Model MSW Timer Control wig, 
sure maximum efficiency, better and moq 
uniform “‘spots,” increase the life of tg 
tips and making the already handy gg 
welder satisfactory for production gpg 
welding. 


The timer is a NEMA Type 1A, 60¢y 
cle, adjustable from 3 to 120 cycles ( 
to 2 sec.) and operates on either 110 or 22 
v. The cycle to be used is selected bya 
justing a control on the case. A number 
indicator disk, geared to this control, in 
cates the cycles in use. A switch ont 
case enables the operator to quickly tur 
the timer ‘‘on’”’ or “‘off.”’ The timer h 
been designed to mount on the wall, or on Ho 
work bench. 

Any Miller MSW Portable Spot Welle 
now in use, can, upon being returned tot! aq 
factory, be adapted for use with the time: 


CUTTING METALS IN SMALL SHOPS dr 


Repeated demands, from industry a 
small shops alike, have resulted in t! 
manufacture of a smaller diameter met 
cutting electrode for cutting all thin she: 
metals by Eutectic Welding Alloys Cor; 
New York 13, N. Y. This new */» | 
diam. Cuttrode, the miracle cutting 
electrode for stainless, bronze, nick 
copper cutting, is now available to thos 
welders with small a.-c. welding machines 
who formerly were unable to do any 
large scale metal cutting. 

Cuttrode in size 4/32 in. opens an ¢! 
tirely new field for thousands of farmer 
and small shop operators who previous!) 
have been unable to do any metal cutting 
whatsoever. Now with in. Cuttrod 
metal cutting becomes a simple, ine 
pensive operation. 


For additional information, write \ 
Eutectic Welding Alloys Corp., 40 Worth 
St., New York 13, N. Y. 
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“Give us MONEL seats and seat rings on 
these big valves. We’re installing them 400 
feet underground and we want to cut cor- 
rosion-erosion troubles to a minimum!” 


That’s what New York Board of Water 
Supply engineers told the Chapman Valve 
Company of Indian Orchard, Mass. 

The job was the fabrication of fourteen 
cone type valves to be used in effluent 
chambers of the Kensico and Delaware 
Aqueducts. The valves were designed to 
control the flow of water in mains 16” to 
42” in diameter. Their size was huge. The 
42” valves, completed, weighed 30,000 
pounds each! 

The valve bodies and plugs were cast of 
Ni-Cr-Moly iron. Chapman Valve Com- 
pany technicians, after studying the prob- 
lem, decided to construct the required 
Monel* seats and rings directly upon valve 
and stem bodies by the welded overlay 
method. Here is how the job was done: 

The areas to be overlayed were cleaned 
thoroughly by sandblasting. This was the 
only preparation necessary, since Ni-Rod* 


Applying Monel overlay on a 42” 
valve body. 22 pounds of Ni-Rod, and 
90 pounds of '130X"’ Monel electrodes 
are required for a single valve body. 


Plug with Monel seat rings for 42° 
Chapman Cone Valve. Finished plug 
weighs 7,550 pounds. 


electrodes were to be used for first passes. 


The foundation layers were applied with 
3/16” Ni-Rod electrodes. Each layer was 
set by peening before the next was applied. 
After the iron surfaces had been completely 
covered with Ni-Rod deposit, the Mone! 
overlays were applied in the same manner, 
using 3/16” “130X” Monel electrodes. 


When the required depth of overlay had 
been reached, the castings were sent to the 
shop where seats and seat rings were ma- 
chined to dimension. 


The Chapman Valve Company reports 
that both Ni-Rod and “130X” Monel elec- 
trodes gave completely satisfactory per- 
formance. They were free-flowing, gave 
stable arcs, and most important of all—pro- 
duced sound, crack-free non-porous welds. 


If you have not yet discovered the out- 
standing time-and-money-saving advan- 
tages of INCO welding materials, investi- 
gate without delay. Write for. list of 
distributors and your free copy of “JNCO 


Electrodes, Wires, Fluxes. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street. New York 5, N. Y. 
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Ito your 
business 


Today’s arc welding offers the key 
men in your plant unprecedented 
opportunities to cut costs...im- 
prove quality...lick difficult pro- 
duction problems. Get them the 
latest facts on this versatile in- 
dustrial tool now! 

It’s EASY—General Electric, as a 
service to industry, has prepared the 
facts for you in visual terms that are 
easy-to-take...linger in the memory. 


Here’s what the arc welding 
program offers: 


1. A fact-packed manual, describing 
practical applications of electric arc 
processes...production feats. With- 
out sales bias, it surveys the field 
authoritatively. 


2. A full-color, sound motion picture, 
running thirty minutes, which shows 
arc welding increasing production 
and cutting costs in plants like yours. 


3. Fully-illustrated highlights booklets, 
for individual study and review. 
Convince yourself first— 
We want you to be the judge of what 
these arc welding facts can do. That’s 
why we offer business executives this 
chance to examine the Arc Welding 
Manual without cost. 


Showings Cost You Nothing—With your 


manval, we’ll tell you how to arrange 
for a FREE SHOWING of the film. 


BUSINESS: 
MANAGEMENT 


1 letterhead 


General Electric Co. 
Section F684-2 


Please mail me a sample copy of the G-E 
Arc Welding Manual without cost or obli- 

tion, with details on how | can arrange 
ce a FREE SHOWING of the film. (Extra 
copies at regular manual price—$1!.25.) 


Name_. Title 
Company 
Street 
City 


GENERAL ELECTRIC 


SECTION ACTIVITIES 


CINCINNATI 


The Cincinnati Section announces elec- 
tion of officers for the fiscal year commenc- 
ing September 1948 as follows: 

Chairman, John Kelley; 1st Vice-Chair- 
man, Fred D. Turrill; 2nd Vice-Chairman, 
N. Christenson; Secretary-Treasurer, R. F. 
Martin. Executive Committee, Clifford 
Miller, Harry C. Baker, Wm. G. High- 
wood, Julius Bergmann, Carl Osterland 
and Ed Foote. 

Chairman, Membership Committee, Geo. 
Jacoby; Chairman, Program Committee, 
Fred Turrill; Chairman, Entertainment 
Committee, Clifford Miller; Chairman, 
Executive Committee, Wm. Pahner; Chair- 
man, Editorial Committee, H. Baker ; Chair- 
man, Constitution & By-Laws, Wm. Mad- 
dox. 


DETROIT 


The first meeting of the season of the 
Detroit Section was held on Friday, Sep- 
tember 10th. Through the courtesy of 


the Ford Motor Co., the members and 


friends of the Section were given an oppor- 
tunity to visit the Frame Construction and 
Body Welding Depts. of the Rouge Plant. 

The first meeting of the season of the 
Saginaw Valley Div. was held on Septem- 
ber 9th. This was a plant visitation trip 
through the courtesy of A.-C. Spark Plug 
Div. of General Motors Corp. This trip 
provided a change to see modern manufac- 
turing methods as used in the manufacture 
of spark plugs, fuel pumps, air cleaners 
and silencers, speedometers, ammeters and 
thermo, pressure and gas gages, as well as 
complete instrument assemblies. 


LOS ANGELES 


Annual get together of the Los Angeles 
Section was held on June 17th at Scully’s 
Cafe. 

The technical program consisted of a 
talk by Richard K. Lee, Technical Direc- 
tor of Alloy Rods Co., who spoke on the 
subject ‘“‘New Alloy Electrode Develop- 
ment for Security Program.’’ The sub- 
ject covered stainless steel electrode types 
and low hydrogen electrodes. 


NEW YORK 


T. B. Jefferson, Editor of The Welding 
Engineer, of Chicago, Ill., spoke on 
“What the Future Holds for Welding” 
at the New York Section meeting on 
September 15th. In his paper Mr. 
Jefferson stated that the future of welding 
is unlimited and that up to now only the 
surface has been scratched. He reviewed 
some of the outstanding accomplishments 
of the past ten years and stressed the 
manufacture of welding during the war 
and in the postwar world. He cited the 
automobile industry as an example. 
Automobile engineers have repeatedly 
told him that although there are only 
several feet of welding in an automobile, 


production will be down and price: would 
be even higher than present prices ithout 
welding. 

Mr. Jefferson also emphasized the point 
that education—of students, engineers 
and even those now in welding—is one of 
the most important jobs the welding 
industry faces. For example, students 
and engineers must be shown that to 
obtain the maximum benefits from weld. 
ing, structures should be designed for 
welding. 

There were 45 who listened to this ip. 
teresting paper and who participated jn 
the discussion. S. A. Greenberg, Tech. 
nical Secretary of the A.W.S., New York, 
served as Technical Chairman fer this 
meeting. Arrangements for the meeting 
were made by J. L. Cahill of the N. y. 
Navy Yard and a member of the Executive 
Committee, N.Y.S., A.W.S. 


NORTHWEST 


As has been the custom during the past 
several years, the first meeting each season 
is devoted to the discussion of problems 
pertaining to any type of welding. This 
meeting was held on Monday, September 
13th, in the Lodge Room, Covered Wagon, 
Minneapolis. R. L. Schleuder, Assistant 
Works Manager, Electric Machinery Mfg. 
Co., was chairman of the discussion period. 
This was an excellent opportunity to get 
acquainted with other members of the 
Section. 

Paper, Calmenson & Co. was host at the 
“Happy Half Hour’”’ preceding dinner. 

The next regular meeting will be held on 
Tuesday, October 12th, and from then on 
the regular meeting date for the current 
year will be the second Tuesday of each 
month. 


ST. LOUIS 


The following is the list of officers elected 
for the 1948-1949 season: 

Chairman, J. Henry Weigel, Combus- 
tion Engineering Co.; Vice-Chairman, A. 
K. Pandjiris, Pandjiris Weldment Co.; 
Secretary, Stuart Hill, Hill Equipment 
Engrg. Co.; Treasurer, P. Salsick, The 
Linde Air Products Co.: Membership 
Chairman, B. J. Brugge; Meetings Chair- 
man, A. Wilkinson: Directors, C. H. Arm- 
strong, H. C. Close, D. Harrelson, M. 
Lischer, R. McIntire and G. Pitts. 


WESTERN MASS. 


The following officers were elected for 
the fiscal year commencing September 
1948: 

Chairman, Sidney Low; 1st Vice-Chat- 
man, R. W. Tuthill; Treasurer, J. W. 
Flaherty; Executive Committee, H. W. 
Walsh, C. A. Keyser; Chairman, Memvber- 
ship Committee, T. E. Morrissette; Chair- 
man, Program Committee, S. A. Tinsman, 
Chairman, Publicity Committee, T. %. 
Dyer. 
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Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. 
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#1—NEW YORK AND NEW ENGLAND 


GeorGE M. Trerts, District Vice- 


President, Farrar and Trefts, Inc., 
20 Milburn St., Buffalo, N. Y. 
BOSTON lst Mon. 


CHAIRMAN—P. N. RucGo, 22 Eastern Ave., 
Wakefield, Mass. 

Secretary—W. A. Ovaska, Air Reduction 
Sales Co., 122 Mt. Vernon St., Boston, Mass. 


BRIDGEPORT 


3rd Thurs. 


CHarrmMan—J. R. Mitrcue cr, Jr., 245 Wakelee 
Ave., Ansonia, Conn. 
Secretary—E. T. Acxiey, General Electric 


Co., Works Lab., 1285 Bond St., Bridgeport, 
Conn. 


HARTFORD 


3rd Thurs. 


CHatRMAN—S. S. Apetson, 45 Church St., 
Wethersfield, Conn. 

SecreTary—J. W. Mortimer, 82 Plymouth 
Lane, Manchester, Conn. 


NEW JERSEY 3rd Tues. 


CHAIRMAN—W. B. Bunn, M. W. Kellogg Co., 
Ft. Danforth Ave., Jersey City, N. J. 

SecreTtary—P. M. Mattern, c/o Wilson 
wae Metals, 60 E. 42nd St., New York 


NEW YORK 


2nd Wed. 


CHuarrMan—E. H. Roper, Air 
Co., 60 E. 42nd St., New York 17, 

SEcRETARY—L. F. GRANGER, The Air 
ee Co., 30 E, 42nd St., New York 17, 


NORTHERN NEW YORK Last Thurs. 


CmarrMaAn—C. M. RHOADES, 
Electric Co., Schenectady 5, N. 
SecreTtary—A. G. CRaIG, Electric 
Co., Schenectady 5, N. Y. 


General 


ROCHESTER lst Thurs. 


CHAIRMAN—FrReEp. E. Taylor Instru- 
ment Co., 95 Ames St., Rochetser 1, N. Y. 
SecreTary—Wa G. Dick, 474 Stonewood, 

Rochester 12, N. Y. 


SYRACUSE 


2nd Wed. 


CHarrMan—H. E. Carrier Corp., 
300 S. Geddes St., Syracuse 1, N. Y. 

SecreTary—E. Larry Smita, Fayetteville 
Rd., Manlius, N. Y. 


WESTERN MASSACHUSETTS 


2nd Tues. 


CHAIRMAN—SIDNEY Low, 144 Buckingham St., 
Springfield, Mass. 

Lasosstere, 57 Martha 
St., Indian Orchard, Mass. 


WESTERN NEW YORK Last Thurs. 


CHAIRMAN—I,. Morrison, Morrison 
Inc., 601 Ambherst St., Buffalo 7, 
SecreTtary—E. L. Frost, Union Carbide & 


Carbon Res. Labs., 4625 Royal Ave., Niagara 
Falls, N. Y 


WORCESTER Ist Tues. 


CHAIRMAN—James L. ForAND, 12 Sachen Ave., 


Worcester, Mass. 


Sgecrerary—Francis S. Harvsy, 141 Dewey 
St., Worcester 2, Mass. 


#2—MIDDLE EASTERN 


G. E. Craussen, District Vice-Presi- 
dent, Reid-Avery Co., Dundalk, 
Baltimore 22, Md. 


SECTIONS—CHAIRMEN, SECRETARIES AND REGULAR MEETING DATES 


LEHIGH VALLEY lst Mon. 

L. Krerp_er, Lehigh Struc- 
tural Steel Co., Allentown, Pa. 

Naas, Ingersoll-Rand Co., 
Phillipsburg, N. J 


MARYLAND 3rd Fri. 

CHarrMan—G. E. LINNERT, Rustless Iron & 
Steel Div., Armco Steel Corp., 3400 E. Chase 
St., Baltimore 13, Md. 

Secretary—E. B. Lures, 7004 Mornington 
Road, Dundalk, Md. 


PHILADELPHIA 3rd Mon. 
CHAIRMAN—H. J. InrRGANG, W. K. Mitchell & 
Co., 2940 Ellsworth St., Philadelphia, Pa. 
Secretary—R. A. Guenzev, Southern Oxygen 
Co., 1325 W. Girard Ave., Philadelphia 23, 

Pa. 


WASHINGTON, D. C. Last Tues. 

CHarRMAN—A. 1445 Otis Pl., N. W., 
Washington 10, D. C. 

SecreTtary—E. M. MacCutcnson, David 
tag Model Basin, U.S.N., Washington 7, 


YORK-CENTRAL PA. Ist Wed. 


CHAIRMAN—RIcHARD K. Leg, 521 Colonial 
Ave., York, Pa. 


Secretary—G. A. Ostrom, 
R. 


Abbottstown, 
1, Pa. 


#3—SOUTHERN 


R. E. Lorentz, Jr., District Vice- 
President, Combustion Engineering 
Co., Inc., 1032 West Main St., 


Chattanooga 1, Tenn. 


ATLANTA 


CHAIRMAN—WALTER J. General 
ae Co., 187 Spring St., N. W., Atlanta 2, 
a. 
Secretary—J. V. TuRNER, 
Sales Co., 186 Williams St 
Ga. 


Air Reduction 
.. N. W., Atlanta, 


BIRMINGHAM lst Thurs. 

CHAIRMAN—LLoyp C. een, 3017 Highland 
Ave., Birmingham, 

H. 2415 Park Lane, 
Birmingham 5, Ala. 


CHATTANOOGA lst Thurs. 

CuarrmMan—L. S. Combustion 
Engineering Co., Chattanooga, Tenn. 

Secretary—J. W. Kerker, Jr., Combustion 
Engineering Co., 1032 W. Main St., Chat- 
tanooga 1, Tenn. 


NEW ORLEANS Ist Fri. 

F. Houprert, P. O. Box 116, 
Harvey, La. 

SecRETARY—DoNALD M. Sarrat, Gulf Weld- 
ing Equipment Co., 1133 Magazine St., New 
Orleans 13, La. 


PASCAGOULA lst Wed. 


CuarrmMan—R. H. Macy, Ingalls Shipbuilding 
Corp., Pascagoula, Miss. 

SecreTary—T. J. Dawson, Ingalls Shipbuild- 
ing Corp., Pascagoula, Miss. 


#4—CENTRAL 


Frep L. PLummer, District Vice-Presi- 
dent, Hammond Iron Works, Box 629, 
Warren, Pa. 


CINCINNATI Last Tues. 


CHarRMAN—JouN 7146 Nokomis 


Ave., Cincinnati 33, Ohio. 


Secretary—Rostr. F. Martin, 


3 
bourge, Cincinnati 9, Ohio. 366 ky 


CLEVELAND and Fy 
CHAIRMAN—MICHAEL SHANE, 9304 Ameshyr, 
St., Cleveland 6, Ohio. 
SecreTaRy—Joun F. Wacner, irdett 
gen Co., 3300 Lakeside Ave., Clevelang |; 
Ohio. 


COLUMBUS and Fx 


CHarRMAN—C. B. VoLpRICH, Mema 
ial Institute, 505 King Ave., 


Lumbus 
Ohio. 
Secretary—G. S. HERREN, The Seagray, 
Corp., Columbus, Ohio. 
DAYTON 4th Wed 
CHAIRMAN—B. A. HAUSFELD, The Dayto, 
Fabricated Steel Co., 1300 E. Monument 


Ave., Dayton 3, Ohio. 
SecerRTaRy—Wwm. P. Taytor, W. H. Kiecfabe, 
Co., 40 Keowee St., Dayton, Ohio 


DETROIT 2nd Fri 


CHarrMAN—J. R. Stitt, R. C. Mahon 
Detroit 11, Mich. 


SHEREN, 6650 


Hartwel 
Ave., Dearborn, Mich. 


MAHONING VALLEY 2nd Tues, 
CHAIRMAN—J. CARROLL JENNINGS, 8 Indians 
Ave., Youngstown, Ohio. 
Secretary—Josern J. 672 Perkins 
, Warren, Ohio. 


NORTHWESTERN, PA. Last Week of Month 

CHAIRMAN—S. V. Struthers Wells 
Corp., Titusville, Pa. 

SecreTary—W. R. Boyp, Boyd Welding Co 
160 E. 8th St., Erie, Pa. 


PITTSBURGH, PA. 3rd Wed. 

CHAIRMAN—H. P. ScHANe, Mellon Institute of 
Industrial Research, Pittsburgh, Pa 

Secretary—J. F. Minnotre, Minnotte Bros 
Co., Hays 7, Pittsburgh, Pa. 


TOLEDO 2nd Tues 


CHAIRMAN—E. V. Newman, 4021 Bowen Rd 


Toledo, Ohio. 
SECRETARY—EDWIN NAFZGER, Toledo Stee 
Tube Co., 2105 Smead Ave., Toledo 6, Ohi 


WESTERN MICHIGAN Last Mon 


CHAIRMAN—Everetr Martrson, 3436 Coit 


, N. E., Grand Rapids, Mich. : 
SecreTaRy—Ivan R. Bartter, The Lincols 
Electric Co., 706 Jefferson S. E., Grand 
Rapids, Mich. 


#5—MID-WESTERN 


J. R. Wirt, District Vice-President 
Delco Remy Division, General Mo 
tors Corp., Anderson, Ind. 


ANTHONY WAYNE 


Cuarrman—Georce H. Laws, Ruckman & 
Hansen, Inc., 3617 Leo Rd., Ft. Wayne, Ind 

SECRETARY —~HARRY M. JOHNSON, Wayne 
Welding Supply Co., Inc., 513-17 East 
Wayne St., Ft. Wayne 2, Ind. 


CHICAGO 3rd Fri. 

CuHarRMAN—C. W. Sreece, Steele Gases, Inc 
127 N. Dearborn St., Chicago 2, Ill. 

Secretary—T. B. JEFFERSON, The Welding 
Engineer, 520 N. Michigan, Chicago ||, !!! 


INDIANA Last Fri. 


CHAIRMAN—Russe_t F. Smita, 226 S. Maio 
St., Pendleton, Ind. 
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regular inspection 
“= Bassures high welding 
and vality levels eee 


Amesbury 
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One of the best ways to obtain con- 
sistently high quality in welding 
is to establish regular inspection 
with proved testing procedures. 
Radiography is a proved testing 
procedure, serving to control 
welding quality by providing ob- 
jective information. This helps 
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Radiographs of all types of 
welds provide visible informa- 
tion on internal gas and slag 
pockets, lack of penetration, 
and other internal weld weak- 
nesses. They also indicate to 
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For maximum radiographic 


st Mon 


6 Coit ese 
Visibility... use Kodak 
Grand 
e 
Industrial X-ray Films 
ident 
| M . . . 

4 They provide the high radiographic sensitiv- 
ity—the combination of speed, contrast, and 
fine grain—required for the detail visibility 

In you need in critical examination of welds, 
East 
Eastman Kodak Company 
Fri. X-ray Division + Rochester 4, N. Y. 
, Inc 
elding 
1, 


Test non-destructively with x-rays 
to assure weld quality 


the operator maintain a high 
standard of workmanship...keeps 
plant and customer informed on 
the quality of every job. 


experienced welding techni- 
cians the best method to be 
used in preventing such de- 
fects. Radiographs are the best 
assurance an engineer can have 


that a welding job is well done. 


Kodak Industrial X-ray 
Film, Type A... for x-ray 
and gamma-ray work in sec- 
tions where fine grain and 
high contrast are desirable 
for maximum sensitivity at 
moderate exposure times. 


Kodak Industrial X-ray 
Film, Type M . . . first 
choice in critical inspection 
of light alloys, thin steel at 
moderate voltages, and heavy 
alloy parts with million-volt 
equipment. 


Kodak Industrial X-ray 
Film, Type K... 


for gamma-ray and x-ray 


designed 


radiography of heavy steel 
parts, and of lighter parts at 
limited voltages where high 


film speed is needed. 


Kodak Industrial X-ray 
Film, Type F ... with cal- 
cium tungstate screens— 
primarily for radiography of 
heavy steel parts. For the 
fastest possible radiographic 
procedure. 


“Kodak” is a trade-mark y 
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SecreTaRY—Mrs. Mercepes Sports, P. R. 
Mallory & Co., Indianapolis, Ind. 


COLORADO 2nd Tues. HAWAII 


CuarrMAN—H. Jackson, Thompson Pipe & 


CHarrMAN—Howarp J. SHANLEy. 514 
Steel Co., Larimer & 30th St., Denver, Colo. St., Naval Housing, Honolulu 50, T. q Cath 
LOUISVILLE 4th Tues. Secretary—C. Brinton Swrrt, Linde Air SecretaRry—ALan G. Hawaiian 
Prods. Co., 687 S. Broadway, Denver 2, Colo. Prods. Co., P. O. Box 2454, Ho, uy 
F, Scuutz, Louisville & 


T. H. 
Nashville R. R. Co., S. Louisville Ships, 
Louisville, Ky. 


ECRETARY—ARTHUR B. UDNA, Louisville ; INLAND EMPI 
Gas & Electric Corp., 311 W. Chestnut St., CHarrMAN—Grorce F, WittiaMson, Darby RE Last Thun, 
Louisville 2, Ky. Corp., Kansas City, Mo. 
SecrETARY—Sam J. WALKER, Butler Mfg. Co., CuarrMan—Max E. Tatman, N. 1911 
7400 E. 13th St., Kansas City 3, Mo. St., Spokane 13, Wash. 
MICHIANA 3rd Thurs. Secretary—Roy Hasxins, E. 1904 Boon 
Spokane, Wash. 
CuarrmMan—P. M. Perry, Perry Welding Sales OKLAHOMA CITY lst Thurs. 
& Service, Monroe at Fellows, South Bend 4, 
Ind. CHAIRMAN—L. D. Rosson, 37 S. E. 32nd St., LONG BEACH 
iv., Bendix Aviation Corp., ndix Dr., ECRETARY—R. J. TRAUTMAN, Ai uction Cuarrman—Ray Davenport, H. I. Tull 
South Bend, Ind. Sales Co., Box 2457, Stockyard Station, 
Oklahoma City, Okla. Highway, Long Bea 
Secretary—J. M. Youne, 5474 Garford 1, 
MILWAUKEE ath Fri. ST. LOUIS and Fri Altos Terrace, Long Beach 4, Cali’ 
o., West is, Wis. HATRMAN—J. H. Wetcet, Combustion Engi- 
Secretary—Rost. P. Wacsrincg, 3853 N. neering Co., 5319 Shreve Ave., St. Leuis, Mo. LOS ANGELES 3rd Thun, 
53rd St., Milwaukee 10, Wis. Secretary—Stuart Hut, Hill Equipment : 
Co., 4135 Gratiot St., St. Louis, Mo. CHArRMAN—E,. O. WILttams, Victor Equip. 
ment Co., 3821 Santa Fe Ave., Los Angels 
NORTHWEST lst Week of Month 11, Calif. 
SOUTH TEXAS 3rd Fri. SECRETARY—CHARLES gpemennon, 6423 Sher. 
CHarrmMan—Rost. J. Stopparp, 675 Sumner man Way, Bell, Calif. 
St., St. Paul, Minn. 


CHAIRMAN—A. E. Wiser, Hughes Tool Co., 
SECRETARY—LILLIAN K. Poizin, Minneapolis 300 Hughes St., Houston 1, Tex. 
Chamber of Commerce, 100 Pillsbury Bldg., SecRETARY—CHARLES Haas, Wyatt Metal & PORTLAND 
Minneapolis 2, Minn. 


F 3rd Tugs, 
Boiler Works, Box 3052, Houston 1, Tex. 


‘ King Bros., Ine. 
K = 4 t ve., Portland 2, Ore. 
PEORIA-CENTRAL ILL. 3rd Wed. TULSA Secretary—W. C. Smita, Industrial Special. 
Cuamman—Paamx ©. Jomucn, 322 W. ties Co., 940 S. E. 7th Ave., Portland, Ore, 
eoria, Ill. 


Easton, Tulsa 6, Okla. 


Secretary—Don E. McCowan, 5915 S. Secretary—J. B. Davis, Tulsa Testing Labs., 


Madison St., Bartonville, Ill. 


Box 2654, Tulsa, Olka. PUGET SOUND 3rd Wed, 
M. Stver, Pacific Car 
asn. 
CuarrMAN—J. B. Feuvguay, Seeger Refrigera- CHarrRMAN—S. G. Browne, B & G Boiler & SECRETARY—THEODORE AxTBLL, National 
tor Co., Evansville, Ind. + 9 Supply Co., 338 S. Emporia, Wichita, Kans. inder Gas Co., 5510 E. Marginal Way, 
Secretary—Dana S. Cops, Servel, Inc., Secretary—G. M. ALLEN, Lampton Welding Seattle 4, Wash. 
Evansville, Ind. 


Supply Co., 335 S. Water St., Wichita, Kans. 


| SAN FRANCISCO 4th Mon, tc 
#—MID-SOUTHERN #71—WESTERN 
CHarRMAN—Lou Kegapine, Standard of Cali 
R. L. Townsenp, District Vice-Presi- Pror. GILBERT S. SCHALLER, District a 
dent, 266 S. Minneapolis, Wichita, 7 Vice-President, University of Wash- 
Ave., San Mateo, Calif. 
Kans. ington, Seattle, Wash. 


List of New Members 


August 1 to August 31, 1948 


ANTHONY Wellendorf, Frederick C. (C) MEMBERS 
Brown, Lewis D. mith, John J. 
Casebere, C. E. (B) NORTHWEST RECLASSIFTED | 
Henne, Joseph D. (C) Giltner, Harry G. (B) TULSA During the Month of \ 
BOSTON OKLAHOMA CITY Best, Frank L. (B) August 
Shelton, A. E. (C) Barnes, Marvin J. (C) WASHINGTON BOSTON 
CHICAGO McVay “~~ a> Smith, W. T. (B) MeWhirter, Stanley B. (C to B) 
Talbot, Lloyd (C) Morris, La Roy (C) CLEVELAND 

WORCESTER 
LOS ANGELES Metzger, Ray W. (C to B) 
Tucker, Frank C. (C) Collins, John R. (C) Wiliam (c) 
MILWAUKEE ROCHESTER Smith, Robert E. (C 
Heidel, Edward H. (B) Kline, William C. (C) Spellman, Edwin W. (C) NEW YORK , 
Papp, Frank, Jr. (C) NOT IN SECTIONS Medoff, Jack I. (C to B) 
NEW JERSEY SYRACUSE Bastante, Alejandro M. (B) NORTHERN NEW YORK 
Underwood, Cyril (B) Brumbaugh, W. W. (B) Roberts, Tommy H. (C) Hess, W. F. (B to E) 


ras 
| 
| 
gi 
Vig 
ane 
Bey 
896 


